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CHAPTER | - [INTRODUCT [ON

ScorE & OBJECTIVES

THIS REPORT PRESENTS THE RESULTS OF AN INVESTIGATION OF

THE LOAD-CARRYING CAPACITY OF DRILLED CAST=IN-PLACE CONCRETE
PILES DERIVING SUPPORT FROM VERY COARSE GRANULAR DEPOSITS AND
CEMENTED FINER=GRAINED ALLUVIAL FAN DEPOSITS., THESE TYPES OF
SOILS PREDOMINATE IN THE HEAVILY POPULATED AREAS OF CENTRAL
AND SOUTHERN ARIZONA. THE MAUOR OBJECTIVE OF THE STUDY WAS
TO DEVELOP RATIONAL AND/OR EMPIRICAL METHODS OF PREDETERMINING
BEARING CAPACITIES OF DRILLED PILING WHICH COULD BE USED IN
ROUTINE DESIGN., THE sTuDY 15 CONFINED TO DOWNWARD AXIAL LOAD-
ING. A SEéONdARY OBJECTIVE OF THE STUDY WAS ToO EVALUATE DESIGN
DETAILS AND INSPECTION PROCEDURES FOR LOCAL CONDITIONS AND
PROVIDE RECOMMENDATIONS FOR ROUTINE USE.,

SUMMARY OF PROGRAM

PRIOR TO THE START OF THE ACTUAL LOAD TESTING PROGRAM, A

SEARCH WAS MADE OF AVAILABLE, PERTINENT ENGINEERING LITERATURE.
THE REPORTS OF PREVIOUS STUDIES OF DRILLED PILING WERE REVIEWED
IN DETAIL. FOLLOWING THIS REVIEW, A STUDY OF EXISTING S0L DATA
WAS MADE TO SELECT CRITERIA FOR LOAD TEST SITES, WHICH LEAD T0O
THE SELECTION OF SEVERAL AVAILABLE SITES FOR PRELIMINARY TEST
BORINGS . AS A RESULT OF THE ABOVE STUDIES, THREE SITES WERE
SELECTED WHICH ARE BELIEVED TO BE AS REPRESENTATIVE AS POSSIBLE
OF THE RANGE OF TYPICAL SOILS FOR THE PREDOMINANCE OF ACTUAL
CONSTRUCTION SITES. ONE SITE WAS SELECTED FOR "END-BEARING"
ONLY STUDIES ON A COARSE GRANULAR DEPOSIT AND TWO FOR "END-
BEARING" AND "siDE SHEAR" STUDIES |N FINER ALLUVIAL FAN
DEPOSITS.
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A DETAILED INVESTIGATION WAS THEN MADE OF EACH OF THE THREE
SITES TO DETERMINE THE PHYSI|CAL PROPERTIES OF THE SUBSURFACE

MATERIALS.

DRILLED PILING WERE CONSTRUCTED AT EACH SITE ALONG WITH THE
NECESSARY ANCHOR PILING FOR UPLIFT RESISTANCE FOR THE LOAD
FRAME . THE PILING CONSTRUCTED FOR LOAD TESTING WERE AS

FOLLOWS::
1. IN THE COARSE GRANULAR MATERIALS, 7 END=BEARING
PILES. ALL BUT ONE OF THESE WERE BELLED To VARY -
ING DIAMETERS.

2. IN THE FINER ALLUVIAL FAN DEPOSITS WHERE BOTH
' END-BEARING AND SIDE SHEAR WERE EVALUATED,

PILING WERE CONSTRUCTED FOR END-BEARING ONLY,
SIDE SHEAR ONLY, WITH MULTIPLE SMALL BELLS
(SHEAR COLLARS) AND WITHOUT CLEANING LOOSE MA-
TERIALS FROM BASE. THE LAST SERIES WERE USED
FOR EVALUATION OF THE EFFECTIVENESS OF PILING
WHICH ARE "MACHINE CLEANED" ONLY.

FOR THE PERFORMANCE OF THE LOAD TESTS, A SELF-CONTAINED,

HYDRAULICALLY OPERATED LOAD FRAME WAS DESIGNED AND ASSEMBLED.
THE FRAME CAPACITY Is 1000 tons. A "teLLTaLe" INSTRUMENTAT | ON
SYSTEM WAS DEVELOPED FOR USE IN SIDE SHEAR LOAD TRANSFER MEA-~

SUREMENTS.

THE TESTS WERE EVALUATED RELATIVE TO VARIOUS METHODS FOR THE
PREDETERMINATION OF ULTIMATE BEARING CAPACITY AND ESTIMATION
OF SETTLEMENTS. RECOMMENDED DESIGN PROCEDURES, CONSTRUCT !ON
AND DESIGN DETAILS AND INSPECTION PROCEDURES WERE DEVELOPED.

So1L CONDITIONS INVOLVED IN STtuDY

MUCH OF PHOENIX AND THE SALT RIVER VALLEY ARE UNDERLAIN BY
VERY COARSE GRANULAR DEPOSITS CONSISTING OF MIXTURES OF SAND,
GRAVEL AND COBBLES. SIMILAR DEPOSITS ARE PRESENT AT MANY
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OTHER AREAS IN THE LOWER VALLEYS OF CENTRAL AND SOUTHERN AR -
ZONA. THESE SOILS WERE DEPOSITED BY HIGH GRADIENT DISCHARGES
OF THE SALT RIVER AND OTHER DRAINAGES. THIS solL TYPE 15
HEREAFTER TERMED SGC IN THIS REPORT. THE SGC SOILS ARE FAR
TOO COARSE TO ENABLE EVALUATION OF RELAT IVE DENS|TYy OR COM-
PRESSIBILITY BY CONVENTIONAL PENETRATION AND LABORATORY TESTS
COMMONLY USED FOR SANDS. THEIR COARSE NATURE ALSO MAKES |T
EXTREMELY DIFFICULT AND COSTLY TO PERFORM [N=PLACE DENSITIES
TO COMPARE WITH LABORATORY MAXIMUM AND MINIMUM DENSITIES. ONE
OF THE LOAD TEST SITES IN THIS INVESTIGATION INVOLVED THE SGC

DEPOSIT.

ABouT 30 PERCENT OF THE LAND AREA IN THE ARID PORTION OF THE
SOUTHWEST 1S UNDERLAIN BY ALLUVIAL FAN DEPOSITS. THESE SOILS
TYPICALLY CONSIST OF HIGHLY STRATIFIED SAND=SILT~CLAY M|x-~-
TURES. THEY ARE DEPOSITED BY SHEET FLOODS AND DISCHARGES OF
SMALL INTERMITTENTLY FLOWING DRAINAGES. [N THIS SEDIMENTAT|ON
PROCESS, A LAYER OF SOIL DRIES OUT PRIOR TO DEPOSITION OF AN
OVERLYING LAYER. N WELL DRAINED AREAS, SOIL MOISTURE CoON-
TENTS STABILIZE AT VERY LOW VALUES (WELL BELOW THE PLASTcC
LIMIT) IN THE ARID ENVIRONMENT WHERE ANNUAL EVAPORAT |ON
EXCEEDS RAINFALL BY 60 INCHES OR MORE. IN SoME INSTANCES,
DEPENDING ON THE NATURE OF THE PARENT MATERIAL AND EXACT
MANNER OF DEPOSITION, ALLUVIAL FANS PRODUCE LOOSE MOI|STURE
SENSITIVE "coLLAPSING” SoiL DEPOSITS. |N MANY OTHER CASES,
ALLUVIAL FANS RESULT IN LIME CEMENTED DEPOSITS WHICH ARE
FIRM TO HARD IN CONSISTENCY AND NOT GREATLY WEAKENED By
MOISTURE INCREASES. THIS WIDESPREAD GENERAL CATEGORY OF
DEPOSIT 1S THE SECOND TYPE OF SOIL INVESTIGATED IN THIS
STUDY AND 1S HEREAFTER TERMED CAF (CEMENTED ALLUVIAL FAN)

SOILS (N THIS REPORT.

THESE RELATIVELY DRY ALLUVIAL FAN SOILS ARE USUALLY FISSURED
AND FRACTURED TO SOME DEGREE, POSSESS A FRIABLE TEXTURE AND
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OFTEN CONTAIN GRAVEL PARTICLES AND CALCAREOUS CONCRETIONS
AND NODULES. BECAUSE OF THESE CHARACTERISTICS, SAMPLING
NORMALLY CANNOT BE ACCOMPLISHED WITH THIN WALLED OR DOUBLE
BARRELED TUBE SAMPLERS AND OFTEN, BLOCK SAMPLES CANNOT BE
EFFICIENTLY CUT AND TRIMMED. THE USE OF THICK WALLED OPEN=-
END DRIVE SAMPLERS LINED WITH METAL OR PLASTIC RINGS IS
NECESSARY FOR EFFICIENT SAMPLING OF CAF s0iLS AND USUALLY
THE SAMPLES CANNOT BE EXTRUDED FOR TRIAXIAL OR UNCONFINED
COMPRESSION TESTING. THUS, THE DIRECT SHEAR TEST HAS BEEN
WIDELY ADOPTED FOR ARIZONA SOIL CONDITIONS BECAUSE TESTING
APPARATUS WILL RECEIVE THE LINER RINGS WITH SOIL SPECIMENS
AS SECURED IN THE FIlELD. BECAUSE OF THE SAMPLE DISTURBANCE
INDUCED BY THE HIGH DRIVING ENERGY INVOLVED IN OPEN=END
DRIVE SAMPLING, THE FREQUENT PRESENCE OF SCATTERED COARSER
SOIL PARTICLES OR CONCRETIONS AND THE THEORETICAL LIMITA-
TIONS OF THE TEST, THE VALIDITY OF DIRECT SHEAR TEST DATA
OoBTAINED oN CAF soitLs AS IT APPLIES TO ANALYSIS OF PILE
CAPACITIES HAS BEEN CONSIDERED HIGHLY QUESTIONABLE IN

MANY CASES.

THE Use oF DRILLED CAsT=IN-PLACE CONCRETE PlLES

IN AR1ZONA

WITH THE DEVELOPMENT OF MODERN FOUNDATION DRILLING EQUIPMENT
SINCE WorLD WAR ||, THE USE OF HIGH CAPACITY DRILLED CAST—-IN-
PLACE CONCRETE PILES HAS GAINED WIDE AND STEADILY INCREASING
USE IN MANY AREAS OF THE WORLD. DEVELOPMENT OF THE USE OF
LARGE DIAMETER PILES IN THE UNITED STATES HAS BEEN REVIEWED
BY WHiITeE (1)*.

*NUMBERS IN PARENTHESIS CORRESPOND TO REFERENCES LISTED 1IN
APPENDIX A.

!
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THE SOIL CONDITIONS PREVALENT IN ARIZONA LEND THEMSELVES To
THE EFFICIENT USE OF DRILLED PILING. [N MANY AREAS, A SURFACE
LAYER OF LOOSER MOISTURE SENSITIVE ALLUVIAL FAN MATERIALS,
TYPICALLY 8 To 25 FeeT IN DEPTH, OVERLIE SGC or CAF sofLs.
BELLED PILES BEARING NEAR THE SURFACE OF THE SGC or CAF SOILS
HAVE USUALLY BEEN EMPLOYED FOR THESE CONDITIONS., IN cAsEs
WHERE CAF SoILS ARE NEAR THE SURFACE, STRAIGHT PILES PENE-
TRATING THESE DEPOSITS HAVE OFTEN BEEN USED.,

FOR THE TYPICAL CONDITIONS PREVIOUSLY DISCUSSED, EXCAVATIONS
FOR DRILLED PILES CAN BE MADE WITHOUT THE USE OF CASING AND
WITHOUT SIGNIFICANT CAVING AND SLOUGHING OCCURRING. BEcAuse
OF THESE VERY FAVORABLE CONDITIONS FOR INSTALLATION AND THE
EFFICIENCY OF AVAILABLE DRILLING EQUIPMENT, DRILLED PILES
HAVE PROVEN CONSIDERABLY MORE ECONOMICAL THAN DRIVEN PILING
FOR TYPICAL ARIZONA CONDITIONS. THUS, THE MAJORITY OF HEAVILy
LOADED BUILDING STRUCTURES IN PHOEN X AND TUCSON CONSTRUCTED
IN THE PAST 12 YEARS ARE SUPPORTED ON DRILLED PILES.

DRILLED PILES HAVE PROVEN To BE PARTICULARLY ADVANTAGEOUS
BECAUSE THE HIGH CONCENTRATED LOADS INVOLVED FOR MANY PROJ-
ECTS CAN BE SUPPORTED ON SINGLE PILES., BUILDING PROJECTS IN
ARITZONA HAVE INVOLVED LOADS UP To ABouT 2000 ToNs IMPOSED o
SINGLE PILES. FUTURE ELEVATED FREEWAY STRUCTURES IN ARIZONA
MAY INVOLVE LONG-TERM CONCENTRATED LOADS oF 5000 ToNSsS OR MORE.
DRILLED PILES HAVE ALSO PROVEN EFFICIENT WHERE HIGH UPWARD OR
LATERAL LOADS ARE IMPOSED AND HAVE BEEN WIDELY USED IN ARIZONA
FOR ELECTRICAL TRANSMISSION TOWERS AND SIMILAR STRUCTURES.

THE PROBLEM oF PREDETERMINING PiLE CAPACITIES

No pYNAMIC DRIVING RECORD IS DEVELOPED DURING CONSTRUCTION OF
DRILLED PILES AND LOAD TESTS ARE VERY COSTLY FOR MOST PROJECTS
DUE TO THE HIGH CAPACITIES INVOLVED. THUS, IT I8 NECESSARY,
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IN MOST CASES, ToO PREDETERMINE CAPACITIES BY RATIONAL OR
EMPIRICAL METHODS FOR EVALUATION OF SETTLEMENT UNDER WORKING

LOADS AND ULTIMATE CAPACITY.

THE PROBLEM OF BEARING CAPACITY PREDETERMINATION IS
PARTICULARLY DIFFICULT FOR BOTH SGC AND CAF soiLs BECAUSE oF
PREVIOUSLY DISCUSSED PROBLEMS (N EVALUATING ENGINEERING PROP=-
ERTIES BY FIELD AND LABORATORY TESTS. WIDE HORIZONTAL AND
VERTICAL VARIATIONS OF THE PROPERTIES OF THESE SOILS, EVEN AT
THE MOST UNIFORM SITES, ALSO COMPOUNDS THE PROBLEM OF PILE
CAPACITY PREDETERMINATION. BecAause ofF THIs FACTOR, IT WAS
JUDGED NECESSARY TO TEST AS MANY PILES |N THESE MATERIALS AS
POSSIBLE. FOR THIS REASON, A RELATIVELY SIMPLE AND INEXPEN-
SIVE INSTRUMENTAT | ON SYSTEM WAS SELECTED.

As PREVIOUSLY STATED, THE COARSE NATURE OF THE SGC DOES NOT
ALLOW THE PERFORMANCE OF MEANINGFUL PENETRATION OR SOIL
MECHANICS TESTS. DESIGN PRACTICE FoOR BELLED PILES BEARING
ON THE SGC HAS BEEN TO ASSIGN SAFE SOIL BEARING PRESSURES
BASED ON CLASSIFICATION AND PRECEDENT WITH PROJECTS BOTH IN
ARIZONA AND ELSEWHERE. SAFE solL BEARING PRESSURES RANGING
FROM ABout 8000 10 20,000 psr HAVE BEEN USED FOR VARIOUS
PROJECTS DEPENDING UPON TOTAL CONCENTRATED LOADS AND EXTENT
OF SUBSURFACE EXPLORATION PERFORMED. FOR THE BEARING PRES-
SURES EMPLOYED ON THE BASIS OF PRECEDENT AND THE DEPTH AND
WIDTH OF TYPICAL BELLED PILES, EXTREMELY HIGH FACTORS OF
SAFETY ARE COMPUTED BY THE SEMIEMPIRICAL TERZAGH| EQUATION
FOR END-BEARING (2) USING SHEAR STRENGTHS FOR SGC ASSIGNED
FROM VISUAL CLASSIFICATION. THUS, THE PRACTICAL PROBLEM oF
DESIGN OF FOUNDATIONS BEARING ON THE SGC 1s ONE OF ASSESSING
SETTLEMENTS UNDER WORKING LOADS. SEVEN 1000 TonN LOAD TESTS
WERE PERFORMED IN THIS STUDY ON END~BEARING PILES OF VARIOUS
WIDTHS BEARING ON SGC. THE MAJOR OBJECT OF THESE TESTS WAS
TO INVESTIGATE THE RELATIONSH|P BETWEEN WIDTH OF LOADED AREA
AND SETTLEMENT FOR VARIOUS BEARING PRESSURES.,
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THE RECENTLY DEVELOPED BECKER HAMMER DRILL HAs PROVIDED AN
EFFICIENT METHOD OF EXPLORATION OF THE SGC. THIs METHoOD,
INVOLVING A DYNAMICALLY ADVANCED DOUBLE WALLED DRIVE PIPE
AND REMOVAL OF CUTTINGS WITH COMPRESSED AIR BY A REVERSE
CIRCULATION PROCESS, ENABLES RELATIVELY ACCURATE CLASS |-
FICATION OF COARSE GRANULAR DEPOSI|TS. CLASSIFICATION N
CONJUNCTION WITH THE DYNAMIC DRIVING RECORD DEVELOPED PRO-
VIDED A TOOL FOR COMPARISON OF THE SGC LOAD TEST SITE AND
OTHER SITES, AND ASSESSING THE OVERALL UNIFORMITY OF THE
DEPOSIT. PRIOR TO THE ADVENT oOF THE BECKER DriILL, THE
CABLE=TOOL PERCUSSION DRILL RIG WAS THE ONLY MEANS OF o0B-~
TAINING THIS DATA. FROM A PRACTICAL STANDPOINT, THE RATE
OF DRILLING IN THE SGC WITH A CHURN DRILL 1S TOO SLOW FOR
MAJOR PRoJEcré, EVEN THOUGH THE COST (N SOME CASES DOES
NOT GREATLY EXCEED THAT FOR BECKER DRILLING.

IN LOCAL PRACTICE, VARIOUS RATIONAL METHODS FOR COMPUTING
THE ULTIMATE CAPACITY OF DRILLED PILING BASED UPON THE SUuM-
MATION OF SIDE SHEAR FOR VARIOUS LAYERS AND END RESISTANCE
HAVE BEEN USED FOR THE ANALYSIS OF BOTH BELLED AND STRAIGHT
PILES BEARING oN CAF soiLs. A MAJOR DIFFICULTY IN THIS PRO-
CEDURE IS IN THE SAMPLING AND PERFORMANCE OF SHEAR TESTS AS
PREVIOUSLY DISCUSSED. VARIOUS RATIONAL SETTLEMENT ANALYSIS
PROCEDURES ALSO HAVE BEEN EMPLOYED |N DESIGN ANALYSIS. THE
EFFECT OF SAMPLE DISTURBANCE ON CONSOLIDATION TESTS oF CAF
SOILS WHICH ARE HEAVILY OVERCONSOLIDATED BY DESICCATION,
INTRODUCES LARGE UNCERTAINTIES AS To THE VALIDITY OF
SETTLEMENT COMPUTATIONS.

PREVIOUS STuDIES

ALTHOUGH, TO OUR KNOWLEDGE, NO COMPREHENSIVE STUDIES OF
DRILLED PILE CAPACITIES IN THE TYPES OF SO(LS STUDIED 1IN
THIS INVESTIGATION HAVE BEEN PERFORMED TO DATE, A LARGE
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BODY OF DATA ON DRILLED PILES HAS BEEN REPORTED IN ENGINEER=-
ING LITERATURE. MUCH OF THIS DATA WAS NOT ONLY PERTINENT TO
THE DESIGN AND EVALUATION OF TESTS PERFORMED IN THIS STUDY,
BUT IS APPLICABLE TO THE DESIGN OF DRILLED PILING IN OTHER

SOIL TYPES WHICH OCCUR IN AR!ZONA.

THE CENTER FOR HIGHWAY RESEARCH AT THE UNIVERSITY OF TEXAS
AT AUSTIN HAS PERFORMED DETAILED STUDIES OF VARIOUS ASPECTS
OF DRILLED PILE DESIGN WHICH HAVE BEEN PRESENTED IN A SERIES
OF NINE RESEARCH REPORTS PUBLISHED BETWEEN APriIL, 1968 aAnD
DeceMBER, 1970, I[N ONE OF THESE REPORTS, O'NEILL AND REESE
(3) PRESENT A COMPREHENS|VE REVIEW OF BOTH THE STATE OF THE
ART OF EMPIRICAL AND RATIONAL METHODS FOR THE ANALYSIS OF
PILE CAPACITIES AND SETTLEMENTS AND OF PREVIOUS STUDIES ON

DRILLED PILES.

A LARGE NUMBER OF STUDIES HAVE BEEN MADE ON STIFF, FISSURED
CLAYS WHICH WERE GENERALLY SATURATED OR AT HIGH MOISTURE CON-
TENTS. A NUMBER OF THESE SOILS ARE SIMILAR TO THOSE WHICH
OCCUR IN SOME AREAS OF NORTHERN AR1ZONA. AMONG THE LOCALLY
SIGNIFICANT STUDIES IN THIS CATEGORY ARE THOSE OF SKEMPTON
(4); WHITAKER AND COOKE (5); AND BURLAND, BUTLER AND DUNICAN
(6) on LonboN cLAY; REESE AND Hupson (7) anp O'NeiLL AnD
REESE (3) oN TEXAS SOILS; MOHAN AND CHANDRA (8) onN INDIAN
BLack CoTToN soiLs; WoobWARD, LUNDGREN AND BOITANO (9) 1IN
CALIFORNIA; AND WATT, KURFURST AND Zeman (10) N CANADA.

SEVERAL LOAD TEST PROGRAMS HAVE BEEN PERFORMED ON SHALES SIM-
I'LAR TO ONE OF THE TYPES THAT OCCUR IN THE COLORADO PLATEAU
AREA OF NORTHEAST ARIZONA. AMONG THESE ARE DATA PRESENTED BY
REESE, HUDSON AND VIJAYVERGIYA (11) AND U. S. ARMY ENGINEERS
(12) on TExAs siTes; Van DorEN, ET AL (13) oN A KANSAS siTE;
AND MATICH AND Kozick! (14) oN A CANADIAN SiTE. A SoutH DAkoTA
DEPARTMENT OF HIGHWAYS STUDY BY Bump, ET AL (15) INVOLVED THE
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PIERRE SHALE WHICH IS VERy SIMILAR TO THE WIDESPREAD CHINLE
SHALE IN NORTHEASTERN ARIZONA. IN MOST oFf THESE STUDIES, HOW-
EVER, MOISTURE CONTENTS WERE CONSIDERABLY HIGHER. THAN AT THE
TYPICAL ARIZONA SITE.,

FACTORS INVOLVED IN THE DES|GN OF DRILLED PILES IN SAND ARE
PRESENTED BY VESsic (16). MARTINS (17) PRESENTS TESTS on
DRILLED PILES BELOW THE WATER TABLE IN PREDOMINANTLY SANDY
SO0ILs. BARKER AND REESE (18) HAVE REVIEWED VARIOUS RESEARCH
ON LOAD TEST DATA ON DRILLED PILING INSTALLED BELOW THE WATER
TABLE WITH BENTONITE SLURRY. THIS METHOD MAY BE ECONOMICALLY
COMPETITIVE IN ARIZONA AT CERTAIN SITES oON THE CoLORADO RIvERr
AND MAJOR DRAINAGES [N NORTHERN AR|ZONA.
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CHAPTER || - SELECTION OF TEST SITES

GENERAL SITE SELECTION STUDY

AT THE BEGINNING OF THIS STUDY, THE TWO BASIC TYPES OF SOLS
TO BE INVESTIGATED WERE RECOGNIZED. [T WAS CONCLUDED THAT A
SITE FOR END-BEARING LOAD TESTS ON THE SGC AND TWO LOAD TEST
SITES ON TyrpicaL CAF soiLs wouLp REASONABLY COVER THE MAJOR-
I'TY OF SOILS IN ARIZONA NOT ALREADY INVESTIGATED IN PREVIOUS

RESEARCH.

A DETAILED sTuDY OF solL CONDITIONS PREVAILING IN THE SALT
RIVER VALLEY, THE TUCSON AREA AND OTHER VALLEYS [N CENTRAL,
SOUTHERN AND WESTERN AR1ZONA WAS MADE TO ENABLE SELECTION
OF AS REPRESENTATIVE A GROUP OF S|TES AS POSSIBLE. Asour
2000 pPrREVIOUS solLs INVESTIGATIONS MADE BY THIS FIRM, [|N=
CLUDING THE PRELIMINARY INVESTIGATION FOR THE PAarAaco East
FREEWAY 1IN PHuoenix (19) anp THE [-710 EXTENSION IN Tucson
(20), WERE REVIEWED. PREVIOUS SURFACE SOILS MAPPING oOF THE
SALT RIVER VALLEY BY THE U.S.Bureau OF S01LS AND CHEMISTRY
(21) AND STUDIES oF THE VALLEY BY THE U. S. GEoLOGICAL Sur-
vey (22, 23, 24) aLso were REVIEWED.

GENERAL CRITERIA FOR SITE SeLECTION

BEYOND THE BASIC CRITER]A OF SELECTION OF SITES THAT AS WELL
AS POSSIBLE REPRESENTED THE RANGE OF SOILS INVOLVED, SEVERAL
OTHER GENERAL FACTORS WERE CONSIDERED [N SITE SELECTION. [T
WAS DESIRED TO LOCATE THE SITES IN THE PHOENIX AREA TO MIN|-
MIZE TRAVEL TIME. |T WAS ALSO CONSIDERED PREFERABLE THAT THE
SITES BE ON ACQUIRED RIGHT-0OF~WAY OWNED BY THE ARI1ZONA HigH-
WAY DEPARTMENT TO MINIMIZE ADMINISTRATIVE PROBLEMS AND TO
ENABLE FENCING FOR SECURITY IN THAT LONG-TERM STORAGE OF
EQUIPMENT WOULD BE INVOLVED IN THE PROGRAM .
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T was FURTHER CONSIDERED DESIRABLE THAT THE SITES BE LOCATED
WITHIN THE AREA OF FREEWAY ALIGNMENTS WHERE CONSTRUCT|ON OF
ELEVATED VIADUCTS INVOLVING A LARGE NUMBER OF HIGH CAPACITY
FOUNDATIONS 1S PROGRAMMED FOR THE RELATIVELY NEAR FUTURE. T
WAS THOUGHT THAT THIS MIGHT ENABLE THE DEVELOPMENT OF suyp-~-
PLEMENTARY INFORMATION BY MEASURING SETTLEMENTS OF ACTUAL

FOUNDATIONS DURING CONSTRUCTION AND OPERATION OF THE FREEWAYS.

SPECIAL CRITERIA - SGC SiTE

SEVERAL SPECIAL CRITERIA FOR THE SELECTION OF THE SGC siT¢E
WERE ESTABLISHED AS FOLLOWS:

T« THE-sITE SHOULD BE LOCATED IN A UNIFORM AREA
OF THE SGC WHERE THE DEPOSIT IS UNCEMENTED
AND THUS REPRESENTS THE WEAKEST GENERAL CON-
DITION. A MINORITY OF THE UPPER SOILS IN THE
SGC DEPOSIT POSSESS VARYING DEGREES OF CEMEN-
TATION., THE DEPOSIT SHOULD BE FREE OF CLAY
AND SAND LAYERS BENEATH THE TEST SITE.

2. SETTLEMENT oOF FOUNDATIONS ON GRANULAR SO|LS
TEND TO DECREASE SOMEWHAT WITH INCREASING
DEPTH, ALL OTHER FACTORS BEING EQUAL. THus,
THE SITE SHOULD BE IN A RELATIVELY SHALLOW
AREA IN ORDER TO TEST THE MOST CRITICAL CON~-
DITION OF DEPTH COMMONLY INVOLVED IN DRILLED
FOUNDATION DESIGN FOR LOCAL CONDITIONS.

3. THE SuURFACE SOILS OVER THE SGC sHouLD BE
STRONG ENOUGH TO EFFICIENTLY DEVELOP THE NEC-
ESSARY UPLIFT CAPACITY OF BELLED REACTION
PILES FOUNDED ON THE SURFACE OF THE SGC.

SPECIAL CRITERIA - CAF Sirtes

THE CAF soiLs uNDER STUDY EMBRACE A WIDE VARIETY oOF SolL
CLASSIFICATIONS WITH S|LTY CLAYS, SANDY CLAYS AND CLAYEY
SANDS PREDOMINATING (UNIFIED So1L CLASSIFICATION CL AND sC).
LESSER AMOUNTS OF HiGHLY PLASTIC CLAY AND SANDY CLAYS SILTY
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SANDS, CLAYEY SILTS AND SANDY sSILTS (CH, SM anb ML) occur.
WIDE VARIATIONS IN THE DEGREE oF CEMENTATION ALSO OCCUR WITH
CALCAREOUS CONCRETIONS AND MINOR FRACTIONS OF GRAVEL BEING
PRESENT IN MANY CASES. VARIATIONS IN THE GRANULAR FRACT | ON
OF SOILS AND CHARACTER OF THE CEMENTATION PRODUCE W|DE DIF-
FERENCES IN THE SURFACE TEXTURE OF THE FACE OF DRILLED PILE
EXCAVATIONS. IN VIEW OF THE FACT THAT SURFACE TEXTURE HAS
BEEN SHOWN TO BE AN IMPORTANT FACTOR INFLUENCING THE DEGREE
TO WHICH SOIL SHEAR STRENGTH IS MOBILIZED IN SiDE SHEAR,
THIS WAS CONSIDERED IN SITE SELECTION. THE DEGREE AND CHAR -
ACTER OF CEMENTATION SUBSTANTIALLY INFLUENCES STRENGTH AND
WAS THUS CONSIDERED.

THE INTENSITY, ORIENTATION AND SURFACE TEXTURE OF JOINTING
AND FISSURING ARE ALSO IMPORTANT FACTORS [N SOIL SHEAR
STRENGTH RELATIVE TO PILE CAPACITIES AND WERE CONSIDERED.
CAF soiLs ARE TypPicaLLY OVERCONSOLIDATED BY DESICCATION TO

A CONSIDERABLE DEGREE AND PROBABLY POSSESS A RELATIVELY HIGH
STATE OF HORIZONTAL STRESS |IN S|TU. [T WAS RECOGNIZED IN
SITE SELECTION, THAT OVERCONSOLIDATIQN S PROBABLY INTER=
RELATED WITH FISSURING AND JOINTING AND THAT STRESS RELIEF
UPON EXCAVATION OF FOUNDAT|ONS MIGHT SIGNIFICANTLY AFFECT
CAPACITY.

FINAL SI1TE SELECTION

GENERAL STUDIES REVEALED AN SGC AREA ALONG THE PROPOSED
PAPAGO EAST FREEWAY N PHOENIX WHICH APPEARED To MEET CR|=
TERITA AND AREAS ALONG PAPAGO WEST AND SUPERSTITION FREEWAY
ALIGNMENTS WHICH APPEARED SUITABLE FOR THE Two CAF s)TES.
THE AREAS WERE ON ACQUIRED RIGHT=OF=WAY AND AT CONVENIENT
LOCATIONS. EXTENSIVE EXPLORATORY DRILLING WAS PERFORMED
IN THESE AREAS TO VERIFY CONDITIONS INDICATED BY THE GEN-
ERAL STUDY. AS A RESULT, 3 LOAD TEST SITES WERE SELECTED
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IN THESE AREAS DESIGNATED A THROUGH C. A VICINITY MAP, Filg-

URE 9%, SHOWS TEST SITE LOCATIONS. Ficures 10 anp 11 sHow

EXACT TEST SITE LOCATIONS ON AERTAL PHOTOGRAPHS.

*¥TABLES AND FIGURES ARE GIVEN IN APPENDIX B,
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CHAPTER 11 - SOIL INVESTIGATIONS OF TEST SITES

GENERAL

DETAILED AUGER DRILLING, PENETRATION TESTING AND OPEN=-END DRIVE
SAMPLING WERE PERFORMED AT EACH SITE IN THE CAF soiLS BY THE
PROCEDURES NORMALLY USED IN SUBSURFACE EXPLORATION IN LOCAL
PRACTICE. THE PURPOSE OF THIS TYPE OF DRILLING AT SITE A WAS
TO PROVIDE DATA ON THE SurRFACE CAF soiLs FOR THE DESIGN OF RE-
ACTION PILES AND COMPARATIVE INFORMATION ON THE VARIOUS FIELD
AND LABORATORY TESTS. [N ADDITION, BOTH LARGE DIAMETER TEST
HOLES AND Becker HAMMER DRILL HOLES WERE MADE INTO THE SGC
solLs AT SiTE A. DETALLED LABORATORY TESTING WAS PERFORMED

ON THE RECOVERED SAMPLES.

SEVERAL IN SITU TESTING METHODS WERE CONSIDERED FOR USE IN THE
HOPE THAT HIGHER QUALITY DATA ON STRENGTH AND COMPRESSIBILITY
oF THE CAF soi1Ls couLD BE OBTAINED THAN NORMALLY ACHIEVED IN
THE LABORATORY. THE PRESSUREMETER, A BALLOON-LIKE LOAD CELL
THAT 1S EMPLOYED TO PERFORM LOAD TESTS IN SMALL DIAMETER DRILL
HOLES, WAS SELECTED FOR USE. SEVERAL éTuonEs USING THIS DEVICE
HAVE SHOWN PROMISING RESULTS IN STIFF SOILS AND SOFT RoOCK (25,
26, 27, 28, 29).

SEVERAL OTHER IN SITU TESTING METHODS WERE CONSIDERED FOR USE
FOR INVESTIGATING THE SHEAR STRENGTH oF CAF soiLs. MECHANICAL
METHODS SUCH AS THE HANDY lowA STATE DEVICE (30) WHICH INVOLVE
EXPANSION OF PLATES AGAINST THE BOREHOLE WALLS DO NOT APPEAR
APPLICABLE BECAUSE OF POINT LOADING ON THE ROUGH SIDES OF THE
HOLES CREATED IN MosT CAF soilts. A LARGE DIAMETER DEVICE OF
THIS TYPE sTUDIED By CAMPBELL AND Hubpson (31) DID NOT PERFORM
WELL. A RELATIVELY HIGH CAPACITY VANE SHEAR APPARATUS WAS DE-
VELOPED FOR INVESTIGATIONS OF THE 1964 ALASKA EARTHQUAKE (32).
HOWEVER, ITS CAPACITY IS oNLY 5000 psr (NOT ENOUGH TO FAIL
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MANY CAF S01LS) AND POINT LOADING OF VANES oN GRAVEL PARTICLES
AND CALCAREOUS CONCRETIONS WOULD PREVENT ITS USE IN MANY CASES.
IT WAS ALSO THOUGHT THAT POINT LOADING ON COARSE PARTICLES
WOULD CREATE SERIOUS PROBLEMS WITH STATIC CONE PENETRATION
TESTS,

SUBSURFACE EXPLORATION

FIVE LARGE DIAMETER BORINGS WERE DRILLED AROUND THE PERIMETER
OF SITE A To ABOUT 15 FEET INTO THE SGC. THE PURPOSE OF THESE
BORINGS WAS TO INVESTIGATE THE DEPOSIT FOR LAYERS OF SAND OR

CLAY . THESE BORINGS WERE DRILLED WITH A Texoma 500-35 pritLL
R1G AND 30 INCH DIAMETER NONCONT INUOUS FLIGHT AUGER.

TEST BORINGS WERE DRILLED AT EACH CORNER OF EACH TEST SIiTE
WITH 6 5/8 INcH O.D., 3% INCH |.D. HoLLoOwW STEM AUGER AND A
CME=55 bRILL RIG. THE BORINGS REFUSED ON THE SGC AT BETWEEN
13 AND 16 FEET AT SiTE A. THE AUGER BORINGS WERE DRILLED TO
ABOUT 40 FEET AT SIiTE B AND 25 10 30 FEET AT SitE C,

AT EACH BORING LOCATION, A STANDARD PENETRATION TEST WAS PER-
FORMED AT 2% FOOT INTERVALS IN AN AUGER BORING BY THE ASTM
D1586-67 PROCEDURE (33). ABOUT 4 FEET AWAY, A SECOND AUGER
BORING WAS DRILLED AND OPEN<~END DRIVE SAMPLING PERFORMED AT

2% FOOT INTERVALS. THREE INCH O.D. SAMPLERS WERE USED LINED
WITH 2.42 INCH ].D. BRASS RINGS. THE SAMPLER DRIVE SHOE HAD
THE SAME 1.D. AS THE BRASS LINER RINGS (zero RELIEF). THE
OPEN<-END DRIVE SAMPLERS WERE DRIVEN WITH A 140 pounp, 30 |NCH
FREE FALL DROP HAMMER IN THE MANNER OUTLINED i¥ ASTM D1586-67.
BLOWS REQUIRED To ADVANCE THE 2 INCH O.D. STANDARD PENETRAT | ON
SAMPLERS AND THE 3 INCH O.D. OPEN-END DRIVE SAMPLERS ARE RE-
CORDED ON THE BORING LOGS IN 2 INCH INCREMENTS IN ORDER TO
PROVIDE INFORMATION ON THE DEGREE OF STRATIFICATION AND THE
PRESENCE OF THIN, STRONGLY CEMENTED LAYERS AND SCATTERED
GRAVEL AND CALCAREOUS CONCRETIONS.
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AT A LOCATION ABOUT 4 FEET FROM THE AUGER BORINGS, CONTINUOUS
PENETRATION TESTS WERE PERFORMED BY DRIVING A 2 INCH O.D. BLUNT
NOSED PENETROMETER. THE PENETROMETER CONSISTS OF A 2 INCcH O.D.
HEAVY CUT WASHER SLIPPED OVER A NIPPLE WHICH IS ATTACHED To |
5/8 1NcH 0.D. DRILL RODS (A~Roo). PENETRATION VALUES ARE RE-
CORDED AS THE NUMBER OF BLOWS OF A 140 POUND,.30 INCH FREE FALL
HAMMER REQUIRED TO ADVANCE THE PENETROMETER IN ONE FOOT |INCRE~-
MENTS OR LESS. THIs "BULLNOSE" PENETRAT!ON TEST HAS BEEN
WIDELY USED IN LOCAL PRACTICE.

IN ORDER ToO PROVIDE DETAILED INFORMATION ON THE NATURE OF THE
SGC BENEATH SiTE A, BORINGS WERE ADVANCED WITH A BECKER HAMMER
DRILL IMMEDIATELY ADJACENT TO EACH TEST PILE AFTER THE LOAD
TESTS WERE COMPLETE. THE PRINCIPAL FEATURES oF THE RIG ARE
SHOWN ON FIGURE 12. THE Becker HAMMER DRILL ADVANCES A DOUBLE
WALLED DRIVE PIPE WITH A LINK BELT PILE DRIVING HAMMER RATED
AT 8000 FOOT-POUNDS ENERGY PER BLOW. CUTTINGS ARE REMOVED BY
COMPRESSED AIR BY A REVERSE CIRCULATION PROCESS. THE DRrRIVE
PIPE USED IN THE TEST DRILLING WAS 5% INcH O.D. x 3% incH 1.D.
AND EMPLOYED AN EXPENDABLE DRILL BT OF SLIGHTLY LARGER DI|AM~-
ETER THAN THE O.D. OF THE DRIVE PIPE. HAMMER BLOWS REQUIRED
TO ADVANCE THE DRIVE PIPE WERE RECORDED IN 6 INCH INCREMENTS
AND REPRESENTATIVE SAMPLES OF CUTTINGS WERE OBTAINED.

LoGS OF TEST BORINGS ARE PRESENTED IN ApreENDIX C, Fieures
13, 14 AND 15 SHow THE LOCATION OF BORINGS AT THE TEST SITES.

LABORATORY TESTS

MoIsTuURE CONTENT DETERMINATIONS WERE MADE ON ALL SAMPLES
RECOVERED IN STANDARD PENETRATION TESTING AND OPEN-END DRIVE
SAMPLING WHILE DRY DENSITIES WERE DETERMINED FOR THE OPEN-END
DRIVE SAMPLES. REsSULTS OF THESE TESTS ARE GIVEN ON THE BORING
LOGS.

f
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GRAIN=-S|ZE ANALYSIS AND ATTERBERG LIMITS TESTS WERE PERFORMED
ON SELECTED SAMPLES OF THE VARI|OUS SOILS INVOLVED,

ONE DIMENSIONAL CONSOLIDATION TESTS WERE PERFORMED ON SELECTED
SAMPLES OF THE CAF So1LS FROM EACH SITE, "FLOATING RING" Appa-
RATUS DESIGNED TO RECEIVE ONE INCH HIGH 2,5 INCH O.D. BRASS
LINER RINGS WITH SOIL SPECIMENS AS SECURED IN THE FIELD WERE
USED IN THE TESTS. PROCEDURES WERE GENERALLY THOSE OUTLINED
IN ASTM D2435-70 (33). THE SPECIMENS WERE CONSOLIDATED TO
LOADS APPROXIMATELY EQUAL TO THE PRECONSOLIDATION PRESSURE AND
REBOUNDED WITH THE TESTS THEN BEING COMPLETED IN THE NORMAL
SEQUENCE, I[N THE PARTIALLY SATURATED SOILS INVOLVED, EACH
INCREMENT OF LOAD WAS MAINTAINED UNTIL THE RATE OF DEFORMATION
WAS EQUAL OR LESS THAN O,0001 INCH PER HOUR.

DIRECT SHEAR TESTS WERE RUN ON ALL OPEN=END DRIVE SAMPLES USING
AN APPARATUS OF THE STRAIN-CONTROL TYPE, SHEARING FORCES WERE

APPLIED AT A RATE DEFORMATION OF APPROXIMATELY 0.05 INCHES PER

MINUTE. THE MACHINE IS DESIGNED TO RECE[VE ONE OF THE ONE [ NCH

HIGH 2.42 INCH DIAMETER SPECIMENS OBTAINED BY SAMPLING, GENER-

ALLY, EACH SAMPLE WAS SHEARED UNDER A NORMAL LOAD EQU|VALENT

TO THE EFFECTIVE OVERBURDEN PRESSURE AT THE POINT OF SAMPLING,

IN SOME INSTANCES, SAMPLES ARE SHEARED AT SEVERAL NORMAL LOADS.,
THE PLATES OF THE DIRECT SHEAR DEVICE WERE SEPARATED 0.04 InNCH

DURING THE TESTS,

UNCONF INED COMPRESSION TESTS WERE PERFORMED ON A FEW BLOCK
SAMPLES OBTAINED IN AN ANCHOR PILE EXCAVATION AT SiTE B. Bg-
CAUSE OF THE FISSURED, FRIABLE NATURE OF THE CAF SOILS BLOCK

SAMPLES COULD NOT BE OBTAINED AT SITES A AnD C,

RESULTS OF THE LABORATORY TESTS ARE PRESENTED IN APPENDIX C,
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PRESSUREMETER TESTS

IN SITU TESTS ON THE WALLS OF SMALL DIAMETER BOREHOLES WERE
MADE tN THE CAF solLs AT ALL 3 SITES WITH A PRESSUREMETER.
THE BORING LOCATIONS WERE ABOUT 4 FEET FROM THE AUGER BORING
AND CONTINUOUS PENETRATION TEST LOCATIONS. THE PRESSUREMETER
EQUIPMENT NOW IN USE, SHOWN SCHEMATICALLY IN FIGURE 16, wWAsS
DEVELOPED IN THE 1950s By MENARD (34) IN FRANCE AND GAINED
WIDE USE N EUROPE SINCE. THE DEVICE BECAME AVAILABLE IN

THE UNITED STATES IN THE MID 1960s,

THE PRESSUREMETER APPARATUS CONSISTS OF A STEEL PROBE WITH
RUBBER MEMBRANES FORMING 3 INDEPENDENT PRESSURE CELLS WHICH
IS LOWERED _INTO TESTING POSITION IN THE BOREHOLE. THE CELLS
ARE CONNECTED BY PLASTIC LINES TO A COMBINED VOLUMETER-MANO-
METER CONTROL APPARATUS AT THE SURFACE. PRESSURE-DEFORMAT ION
RELATIONSHIPS ARE DETERMINED BY OBSERVING THE VOLUME OF
WATER INJECTED INTO THE CENTRAL CELL DURING INCREMENTAL
PRESSURE INCREASES. THE OUTER GUARD CELLS EXPAND UNDER AN
EQUAL PRESSURE AND REDUCE THE END EFFECTS ON THE CENTRAL
MEASURING CELL. DETAILED DESCRIPTIONS OF THE PRESSUREMETER
AND TS APPLICATION HAVE BEEN PRESENTED BY A NUMBER OF
AUTHORS (25, 26, 27, 28, 29, 34, 35).

A TYPICAL VOLUMETRIC STRAIN VERSUS PRESSURE CURVE FOR THE

STIFFER CAF S0OILS ENCOUNTERED IN THE STUDY ARE SHOWN (N

Ficure 16. SEVERAL BASIC QUANTITIES ARE OBTAINED IN THE
TEST. THE "INITIAL" PRESSURE, PO, 1S THE BEGINNING OF THE
RELATIVELY ELASTIC PORTION OF THE CURVE. IN THE PORTION

OF THE CURVE uP TO0 PO, THE NATURAL HORIZONTAL STRESSES IN

THE SOJL ARE RESTORED. AT PRESSURES BEYOND THE RELATIVELY
LINEAR PHASE, THE RATE OF VOLUME CHANGE INCREASES RAP|DLY
UNTIL THE LIMIT PRESSURE, PL, WHICH IS CONSIDERED TO DEFINE

FAILURE, IS REACHED. ALSO PLOTTED ON FIGURE 16 IS THE CREEP
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CURVE WHICH SHOWS THE TENDENCY OF THE MATERIAL TO DEFORM WITH
TIME. THE CREEP PRESSURE, PF, IS THE PRESSURE AT WHICH THE
CREEP CURVE TAKES A SHARP UPWARD BREAK. THIS POINT GENERALLY
AGREES CLOSELY WITH THE UPPER LIMIT OF THE LINEAR PORTION OF
THE PRESSURE-VOLUME CURVE. THE MODULUS OF DEFORMATION, E, 1Is

DERIVED FROM THE SLOPE OF THE CURVE BETWEEN Po anp Pr.,

PRESSUREMETER PROBES DESIGNED TO TEST NX (2.98 IncH DIAMETER)
HOLES WERE USED IN THIS INVESTIGATION. THE INITIAL UNINFLATED
DIAMETER OF THE PROBE IS SLIGHTLY SMALLER THAN NX HOLE sS|7E
AND INFLATES TO ABOUT TWICE THE INITI!AL D|AMETER. IN ORDER
TO PERFORM TESTS IN THE STIFF CAF S0ILS, IT WAS NECESSARY TO
DRILL HOLES WITH THE DIAMETER VARYING BETWEEN ABOUT 2.75 To
3.00 INCHES. WHERE THE HOLE DIAMETER WAS LARGER, THE ENDS oF

THE MEMBRANES TENDED TO RUPTURE BEFORE PL COULD BE DEFINED.,

CONSIDERABLE DIFFICULTY WAS EXPERIENCED IN DRILLING HOLES
WITHIN ACCEPTABLE TOLERANCE OF DIAMETER IN THE FRIABLE,
FISSURED SOILS INVOLVED. THIS REPRESENTS A BASIC LIMITAT]|ON
OF APPLICATION OF PRESSUREMETER TESTING TO SOME STRONGLY CE~-
MENTED, FISSURED CAF solLs. INITHALLY, IT WAS ATTEMPTED TO
DRILL PRESSUREMETER HOLES WITH 2,50 INCH DIAMETER CONTINUOUS
FLIGHT AUGER. THIS AUGER PROVED INSUFFICIENTLY RIGID TO
EFFECTIVELY DRILL HOLES EXCEPT IN ABOUT THE UPPER 10 FEET AT
Site B. TRICONE AND BICONE GEAR BITS OF VARIOUS DIAMETERS
AND A SPECIAL FABRICATED DRAG BI!T, 2.25 INCHES IN DIAMETER,
WERE USED IN INITIAL ATTEMPTS IN DRILLING. COMPRESSED AIR
DRILLING METHODS WERE USED WITH THESE DRILLING TOOLS. THE
USE OF TRICONE GEAR BITS, 2.94 INCHES IN DIAMETER, RESULTED
IN HOLES FAR LARGER THAN REQUIRED FOR TESTING. AFTER CON-
SIDERABLE EXPERIMENTATION, A SYSTEM OF DRILLING WITH A 2.37
INCH DIAMETER GEAR BIT OR 2.25 INCH DRAG BIT THEN REAMING
THE HOLES WITH A SPECIALLY FABRICATED 2.75 INCH PIPE WI|TH

SAWCAT TEETH WAS DEVELOPED., THIS TECHNIQUE PROVED VERY

|
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SUCCESSFUL IN THE CAF soiLs AT SITES A AND B AND A LARGE
NUMBER OF TESTS WERE EFFICIENTLY PERFORMED AFTER THE INITIAL
DEVELOPMENT OF THE SYSTEM. EXTREME DIFFICULTY WAS EXPERIENCED
AT 517 C DUE TO THE DEGREE OF FISSURING AND ONLY 4 SATISFAC-
TORY TESTS WERE ACCOMPLISHED WITH CONSIDERABLE EFFORT.

RESULTS OF THE PRESSUREMETER TESTS ARE PRESENTED ON TasLE 6

AND SHOWN GRAPHICALLY ON FIiGURE 76.
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CHAPTER |V - GENERAL GEOLOGY & CHARACTER OF SOILS INVESTIGATED

GENERAL GEOLOGY & SolL CHARACTERISTICS

THE GEOLOGY OF THE GREATER PHOENIX METROPOLITAN AREA 1S TYPICAL
OF THE LOWER VALLEYS OF ARIZONA WHERE SGC AND CAF solLs ARE
INVOLVED IN CONSTRUGCTION.

THE SALT RIVER EMERGES FROM A NARROW CANYON EAST OF PHOENIX
INTO THE BROAD SALT RJIVER VALLEY. THE HIGH GRADIENT DIS~
CHARGES OF THIS RIVER HAVE RESULTED IN MASSIVE DEPOSI|TS OF
SGC. THE AguA Fria RIVER, GILA RIVER, NEew River, Cave CrREEK,
SkuUNK CREEK AND QUEEN CREEK HAVE CREATED SIMILAR DEPOSITS OF
LESSER EXTENT. THE GEOLOGY OF THE SALT RIVER VALLEY 1S pe~
SCRIBED BY LEE (22) anD McDonALD, ET AL (23) WHILE THE
GEOLOGY OF THE WESTERN PART OF THE VALLEY IS DISCUSSED BY
STuLik AND TweENTER (24). THE SGC SOILS AND MUCH OF THE CAF
ALLUVIUM IN THE PHOENIX AREA WERE DEPOSITED DURING THE TER-
TIARY PERIOD. THE DEPOSITION WAS CAUSED BY UPLIFT OF THE
HIGH PLATEAU COUNTRY NORTH OF THE MOGOLLON RiM AND A CoOR-
RESPONDING WIDELY EXTENDED SUBSIDENCE OF THE AREA TO THE 5
SOUTH AND WEST RESULTING IN DEEP EROSION OF THE HIGHLAND
COUNTRY AND RAPID FILLING OF THE VALLEY AREAS. A MORE RE-
CENT EROSIONAL PHASE OF THE SALT RIVER CHANNEL ASSOCIATED
WITH A PERIOD OF DRIER CLIMATE IS DESCRIBED BY LEE (22) who
MAPPED SGC TERRACES IN THE MESA AREA ABOUT 50 FEET HIGHER
THAN THE PRESENT CHANNEL. SIMILAR TERRACE LEVELS PRESENT
IN THE PHOENIX AREA ARE OBSCURED BY THE OVERLYING LAYER OF
ALLUVIAL FAN DEPOSITS. WELL LOGS INDICATE THAT THE SGC
DEPOSITS EXTEND TO SEVERAL HUNDREDS OF FEET IN MANY AREAS

OF THE VALLEY.

THe SGC soiLs ARE EXPOSED AT THE SURFACE IN THE STREAM

CHANNELS AND ALSO ARE EXPOSED IN NUMEROUS MATERIALS PITS
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AND ROADWAY CUTS IN THE PHOENIX AREA. THEY ARE OVERLAIN BY A
THIN LAYER OF LOOSE SILTY SANDS AND SANDY SILTS OVER MUCH OF
THE FLOODPLAINS OF THE VARIOUS MAJOR DRAINAGES. ADJACENT TO
THE FLOODPLAINS, THE SGC ARE OVERLAIN BY COALESCING ALLUVIAL
FAN DEPOSITS SEDIMENTED BY SHEET FLOODS AND INTERMITTENT
FLOWS FROM SMALL DRAINAGES OUT OF THE SURROUNDING MOUNTAINS.
THEY CONSIST PREDOMINANTLY OF SILTY CLAYS, SANDY CLAYS AND
CLAYEY sANDS (UNIFIED SolL CLASSIFICATION SC AnD CL) WITH
LESSER AMOUNTS OF HIGHLY PLASTIC SANDY CLAYS, SILTY SANDS,
SANDY SILTS AND RELATIVELY CLEAN SANDS (CH, SM, ML, SP, Sw,
SW-SM, SP-SM).

BECAUSE THESE SOILS ARE FORMED BY A "FLASH FLOOD" TYPE oOF
DEPOSITION, EACH LAYER DRIES OUT PRIOR TO THE DEPOSITIoON oF
THE OVERLYING LAYER. WHEN THE OVERLYING LAYER IS DEPOSITED,
ONLY THE SURFACE OF THE EXISTING SOILS ARE REWETTED. THUS,
THE MASS OF THESE DEPOSITS HAVE NEVER BEEN CONSOLIDATED [N

A SATURATED STATE UNDER OVERBURDEN PRESSURES. WHERE LOW
DENSITY SOILS, PARTICULARLY SILTY SANDS, SANDY SILTS AND
CLAYEY SANDS OF RELATIVELY LOW PLASTICITY ARE INVOLVED, THIS
DEPOSITIONAL PROCESS OFTEN RESULTS IN EXTREMELY MOISTURE SEN-
sITIVE "coLLAPsiING” soiLs. DubLey (3B) PRESENTS A GENERAL
REVIEW OF THIS PHENOMENON. PARENT MATERIALS IN THE AREA OF
THE STUDY ARE PREDOMINANTLY GRANITICS, SCHISTS AND VOLCANICS.
A VERY HIGH INCIDENCE OF SEVERELY COLLAPSING SOILS IS USUALLY
INVOLVED WITH GRANITIC PARENT MATERIALS. THESE SOILS WHICH
ARE SEVERELY WEAKENED BY MOISTURE INCREASE AND OFTEN RELA-
TIVELY HIGH IN PERMEABILITY ARE, OF COURSE, NOT CONSI|DERED

SUITABLE FOR DRILLED FOUNDATIONS SUPPORTING HEAVIER LOADS.

CONSIDERABLE THICKNESSES OF "MODERATELY” MOISTURE SENSITIVE
SOILS ALSO OCCUR WHICH, ALTHOUGH FIRMER THAN THE VERY LOW
DENSITY DEPOSITS, ARE WEAKENED BY MOISTURE INCREASES TO AN
EXTENT THAT THEY ARE NOT GENERALLY THOUGHT TO BE SAFE FOR

SUPPORT OF HEAVY FOUNDATION LOADS. USUALLY, AT LEAST 1 oR
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2 FEET OF MOISTURE SENSITIVE ALLUVIAL FAN SOILS ARE PRESENT AT
THE SURFACE. THESE DEPOSITS SELDOM EXTEND BELOW ABOUT 25 FEET.

A GREAT PROPORTION OF ALLUVIAL FAN SOILS ARE LIME CEMENTED TO
VARYING DEGREES AND ARE NOT GREATLY AFFECTED BY MOISTURE IN-
CREASES. THEY USUALLY CONTAIN HIGH ENOUGH CLAY CONTENTS S0
THEY ARE RELATIVELY LOW IN PERMEABILITY. THUS, THEY ARE, IN
MOST CASES, UNLIKELY TO BECOME SATURATED T0 DEPTHS OF MORE
THAN A FEW FEET IN THE ENVIRONMENTAL CONDIT!ONS INVOLVED.
THESE SOILS OCCUR AT OR NEAR THE SURFACE IN MANY AREAS AND
ARE NEARLY ALWAYS SHALLOW ENOUGH TO ALLOW EFFICIENT CONSTRUC-
TION OF DRILLED CAST~IN-PLACE PILES FOR MOST PROJECTS. THESE
HIGHLY STRATIFIED AND CROSS-BEDDED SOILS ARE GENERALLY FRAC-
TURED AND FISSURED TO SOME DEGREE AND CONTAIN SCATTERED GRAVEL
AND CALCAREOUS CONCRETIONS IN MANY CASES. EXCEPT WHERE HEAvVY
IRRIGATION HAS TAKEN PLACE, MOISTURE CONTENTS ARE AT THE VERY
LOW VALUES ASSOCIATED WITH WELL DRAINED AREAS 1IN THE DRY CLI~-
MATE OF THE SONORAN DESERT (AVERAGE ANNUAL RAINFALL IN PHOENIX
'S ABOUT 7 INCHES). THE INFILTRATION OF SURFACE WATERS INTO
THESE SOILS AND SUBSEQUENT DRYING AND PRECIPITATION OF SALTS,
APPARENTLY HAS CREATED THE CEMENTAT ION PRESENT. THESE RELA-
TIVELY STABLE CEMENTED ALLUVIAL FAN DEPOSITS HAVE BEEN TERMED
CAF soiLS FOR PURPOSES OF THIS REPORT. ALL OF THE soiLs AT
SiTEs B anD C BeELow 1 oRrR 2 FEET FALL INTO THIS CATEGORY.

CHARACTER OF THE SGC

THE RANGE OF GRADATION OF TYPICAL SGC SAMPLES ARE SHOWN IN
Ficure 19. ALso TABULATED IN Flgure 19 ARE PARTICLE SHAPE
AND APPROXIMATE PERCENTAGE OF ROCK TYPES MAKING UP EACH S1ZE
RANGE FOR A TYPICAL SAMPLE OF THE SGC. THE SGC CONSISTS PRE-
DOMINANTLY OF SANDY GRAVEL AND COBBLES WITH A SMALL AMOUNT
OF SILT AND GENERALLY CLASSIFIES GP IN THE UNIF1ED SoiL
CLASSIFICATION SYSTEM. |T GENERALLY CONTAINS SOME PARTICLES

|
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UP TO ABOUT 12 INCHES AND SOMET IMES CONTAINS SCATTERED BOULDERS
UP TO ABOUT 24 INCHES. As INDICATED, THE SGC CONTAINS A VERY

HIGH PERCENTAGE OF QUARTZITE, CHERT AND OTHER VERY HARD PART| -
CLES. THIS 1S REFLECTED BY VERY HIGH WEAR ON DORILLING TOOLS IN
BOTH FOUNDATION DRILLING AND EXPLORATORY DRILLING INTO THE DE-

POSIT.

THE APPROXIMATE EXTENT OF THE AREA WITHIN THE SALT RIVER VALLEY
WHERE, BECAUSE OF A RELATIVELY SHALLOW CONTACT AND THE CHARAC-
TER OF THE OVERLYING ALLUVIAL DEPOSITS, IT IS ECONOMICAL FOR
HEAVIER STRUCTURES TO EXTEND DRILLED FOUNDATIONS TO THE SGC

IS SHOWN oN FiGgureE 9.

LocAL DISCONTINUITIES IN THE SGC

BOTH EXPOSURE ON THE WALLS OF GRAVEL PITS AND EXTENSIVE TEST
DRILLING INDICATE THAT THE SGC 1S RELATIVELY UNIFORM FOR A
RIVER CHANNEL DEPOSIT. HOWEVER, LOCAL DISCONTINUITIES OCCUR
WHICH ARE SIGNIFICANT FROM THE ENGINEERING STANDPOINT. LOOSE
RIVER DEPOSITED CLEAN SAND LAYERS OVERLIE THE SGC AT I1SOLATED
LOCATIONS. BECAUSE THESE LAYERS SOMEfIMES CONTAIN SCATTERED
COBBLES THEY ARE HARD TO DISTINGUISH FROM THE SGC IN SOME |N-
STANCES IN EXPLORATORY AUGER DRILLING. CAVING IN THESE SAND
ZONES SOMETIMES CREATES SEVERE DIFFICULTIES IN ADVANCING
DRILLED FOUNDATIONS OR OTHER EXCAVATIONS TO THE CONTACT OF
THE SGC. IN A SMALL NUMBER OF CASES, LOOSE SAND OR SOFT CLAY
LAYERS HAVE BEEN ENCOUNTERED WITHIN THE SGC. BECAUSE OF THE
ERRATIC DISTRIBUTION OF THESE FEATURES, CAREFUL SUBSURFACE
EXPLORATION IS NECESSARY TO INSURE UNIFORMITY OF THE SGC AT
SITES OF HEAVIER STRUCTURES.

IN GENERAL, IN THE PHOENIX AREA, ABOUT THE uprPER 30 FEET oOF
SGC s UNCEMENTED OR VERY WEAKLY CEMENTED. HOWEVER, IN SOME
AREAS, THE UPPER FEW FEET OF THE SGC ARE STRONGLY CEMENTED;
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APPARENTLY DUE TO THE LEACHING AND PRECIPITATION OF CARBONATES
FROM OVERLYING SO{ LS. THESE UPPER CEMENTED ZONES ARE DIS-
TRIBUTED AT SCATTERED LOCATIONS AROUND THE SALT RIVER VALLEY.
SOME OF THE MORE CEMENTED ZONES IN THE SGC DISPLAY THE CHARAC-
TERISTICS OF LEAN CONCRETE. THe SGC sELow ABouT 30 FeeT s
GENERALLY MODERATELY CEMENTED WITH CLAY AND OTHER AGENTS AND
CONTAINS SOME STRONGLY CEMENTED LAYERS. THE CEMENTATION IN
SOME CASES MAY BE ASSOCIATED IN PART WITH THE OLDER TERRACE
LEVELS DISCUSSED EARLJER.

SollL PROFILE -~ S1TE A

UNCEMENTED OR WEAKLY CEMENTED SILTY CLAYS AND SANDY CLAYS
EXTEND TO ABOUT 7 FEET. MODERATELY TO STRONGLY LIME CEMENTED
CLAYEY SANDS AND SANDY CLAYS UNDERLIE THESE SOILS AND EXTEND
To ABouT 11 710 13% FEET AND IN TURN REST ON MODERATELY CE-
MENTED CLAYEY GRAVELS. SGC WAS ENCOUNTERED AT BETWEEN ABOUT
14% AnD 16 FeET. THE SGC I's UNCEMENTED AND RELATIVELY UNI-
FORM EXCEPT FOR CLEAN, FINE TO MEDIUM SAND ENCOUNTERED AT
BETWEEN 172 AND 19 FEET AND 22 To 234 FEET AT TPA-7.

SolL MOISTURE CONTENTS WERE VERY LOW THROUGHOUT THE EXTENT OF
THE BORINGS.,

SolL PROFILE - SiTe B

MODERATELY FIRM SILTY CLAYS WITH A FEW STRATIFICATIONS OF
CLAYEY SAND AND SILTY SAND EXTENDED FROM THE SURFACE TO ABOUT
19 FEET. THESE solILs ARE, IN GENERAL, WEAKLY CEMENTED. THEY
ARE UNDERLAIN BY HARD, STRONGLY CEMENTED, HIGHLY PLASTIC CLAYS,
SILTY CLAYS AND SANDY SILTS WHICH EXTENDED TO ABOUT 27 FEET.
THESE SOILS IN TURN REST ON FIRM TO VERY FIRM, MODERATELY TO
STRONGLY CEMENTED SILTY CLAYS, SANDY SILTS AND CLAYEY SANDS.

%
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SolL MOISTURE CONTENTS WERE VARIABLE, RANGING FROM WELL BELOW
TO NEAR THE PLASTIC LIMIT. MOISTURE CONTENTS APPEARED TO BE
ELEVATED SOMEWHAT ABOVE THOSE NORMALLY FOUND IN WELL DRAINED
DESERT AREAS. THE SITE HAD BEEN UNDER CULTIVATION IN THE
PAST AND IRRIGATION DURING THAT PERIOD PROBABLY CREATED EL-~
EVATED MOISTURE CONTENTS., THE so1LS ARE FRIABLE AND CONTAIN
A MODERATE AMOUNT OF FISSURING OR JOINTING, GENERALLY SPACED
AT 6 INCHES OR MORE. AS THE BORING LOGS INDICATE, THE SOILS
ARE HIGHLY STRATIFIED WITH A CONSIDERABLE DEGREE OF LATERAL
VARIATION BEING PRESENT ACROSS THE SMALL TEST SITE. A RELA-
TIVELY SMOOTH SURFACE TEXTURE WAS PRODUCED ON THE WALLS OF
DRILLED PILE EXCAVATIONS; PARTICULARLY I[N THE UPPER 19 FeeT.

SollL PROFILE ~ SiT1E C

A LAYER OF MODERATELY FIRM, WEAKLY TO MODERATELY CEMENTED
SILTY CLAY 2 OR 3 FEET IN THICKNESS IS PRESENT AT THE SURFACE.
THIS LAYER IS UNDERLAIN BY HIGHLY STRATIFIED CLAYEY SANDS AND
SANDY CLAYS OF MEDIUM TO HIGH PLASTICITY WHICH EXTEND To 30
FEET; THE FULL DEPTH OF INVESTIGATION. THESE SOILS ARE GENER=
ALLY MODERATELY TO STRONGLY LIME CEMENTED AND CONTAIN VARYING
AMOUNTS OF GRAVEL. A THIN, VERY STRONGLY CEMENTED ZONE ABOUT
T 70 3 FEET IN THICKNESS WAS ENCOUNTERED IN THE RANGE OF 6 To0
9 FEET IN DEPTH IN THE VARIOUS TEST HOLES .

SolL MOISTURE CONTENTS WERE GENERALLY WELL BELOW THE PLASTIC
LIMIT WITH MOISTURE CONDITIONS BEING TYPICAL FOR THE DESERT
ENVIRONMENT . THE SO0ILS ARE INTENSELY FISSURED WITH FISSURE
SPACING BEING ABOUT 1 INCH. HOWEVER, THE MASS OF SOlIL AP-
PEARED TO BE WEAKENED BY FISSURING MUCH LESS IN A VERTICAL
THAN A HORIZONTAL DIRECTION. STRONGER, LESS WEAKENED HORI -
ZONTAL LAYERS OCCURRED AT VARIOQOUS INTERVALS THROUGHOUT THE
DEPTH OF PILES. HOWEVER, BY ACTUAL DIGGING IN THE WALL OF
THE DRILLED SHAFT WITH A PROSPECTOR'S PICK, A GENERAL
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CONDITION OF GREATER VERTICAL THAN HORIZONTAL STRENGTH WAS
NOTED AT ALL DEPTHS. THE SURFACE TEXTURE OF THE FISSURING IS
ROUGH . THIS was SPECIFICALLY NOTED AT THE TIME SHEAR COLLARS
WERE CUT IN THE WALLS OF THE DRILLED SHAFTS BY HAND METHODS .
OWING TO THE SAND AND GRAVEL FRACTION OF THE S01L, AND THE
PRESENCE OF FISSURING AND CALCAREOUS CONCRETIONS, A ROUGH
SURFACE TEXTURE WAS PRODUCED ON THE WALLS OF DRILLED FOUNDA-

TION EXCAVATIONS.
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CHAPTER V - LOAD FRAME, INSTRUMENTAT |ON
SYSTEM & LOAD TEST PROCEDURES

DESIGN OF LoAD FraME & HYDRAULIC JACKING SYSTEM

PREVIOUS STUDIES BY WHITAKER AND COOKE (5) anp O'NeiLL anp
REESE (3) INDICATE THAT TESTS OF ABoUT 1000 TONS ARE THE
PRACTICAL LIMIT FOR A PROGRAM OF THIS TYPE BECAUSE OF THE
COST AND SIZE OF FRAMES NECESSARY TO TRANSFER LOADS FROM THE
REACTION PILES. REACTION BEAM LENGTHS OF ABOUT 20 10 22 fFEET
ARE NECESSARY TO ADEQUATELY MINIMI[ZE STRESS INFLUENCE OVERLAP
BETWEEN REACTION AND TEST PILES FOR STRAIGHT PILES |N REL~
ATIVELY HOMOGENEOUS SO[LS. REACTION PILE SPACING WAS NOT
CONSIDERED CRITICAL FOR THE SGC TESTS AT SITE A BECAUSE THE
TEST PILES ARE END-BEARING AND THE BELLED REACT|ON PILES AT
APPROXIMATELY THE SAME DEPTH TEND TO RELIEVE OVERBURDEN PRES-
SURE FROM THE STRESSED ZONE AND MAKE THE SETTLEMENTS SOMEWHAT
CONSERVATIVE FOR THE DEPTH TESTED. HOWEVER, REACTION PILE
SPACING IS IMPORTANT FOR TESTS ON THE CAF soiLs AT TEST SITES
B AND C SO THE LOAD FRAME APPARATUS WAS DESIGNED ACCORDINGLY.

THOUSAND ToN TESTS WERE SELECTED FOR THE PROGRAM TO MAKE THE
TEST LOADS AS CLOSE AS POSSIBLE TO FULL=SCALE FOUNDATIONS FOR
HEAVIER HIGHWAY STRUCTURES.

THE MOBILE LOAD FRAME DESI|GNED AND FABRICATED FOR THE PROJECT
CONSISTS OF AN ALL-WELDED A3B STEEL PLATE GIRDER APPROXIMATELY
6 FEET WIDE AND 25 FEET LONG. THE FRAME 1S MOUNTED ON A HEAVY=
DUTY DUAL AXLE TRAILER WHEEL ASSEMBLY WITH A KINGPIN AND PLATE
ASSEMBLY IN FRONT TO RECEIVE THE FIFTH WHEEL OF A SEMI=TRACTOR
RIG. THE FRAME WEIGHS APPROXIMATELY 26 TONS AND 1S SUPPORTED
BY FOUR HYDRAULIC RAM OUTRIGGERS WHEN NOT IN TOW BY THE SEM] -
TRACTOR UNIT. PROVISIONS FOR SLIGHT ADJUSTMENT OF THE CROSS
BEAMS WITH SMALL HYDRAULIC JACKS HAVE BEEN INCORPORATED INTO
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THE DESIGN SO THAT THE UNIT CAN BE POSITIONED OVER THE TEST

PILE AND REACTION PILES WITH CONSIDERABLE EASE.

ALSO INCORPORATED INTO THE DESIGN OF THE LOAD FRAME, 1S THE
CAPACITY TO UTILIZE A SINGLE REACTION PILE AT EACH END OF
THE FRAME FOR APPLIED TEST L0ADS uP TO 500 ToNs. THIS DESIGN
FEATURE PROVIDES VERSATILITY IN THE MOBILE LOAD FRAME SO IT
CAN BE USED ECONOMICALLY AND EFFICIENTLY IN VIRTUALLY ANY

LOAD TESTING PROGRAM.

THE STRUCTURAL DESIGN OF THE MOBILE LOAD FRAME, DEFINED BY
THE REQUIREMENT TO IMPOSE A DOWNWARD LOAD oF 1000 ToNnS ON

A TEST PILE, ALSO PERMITS AN UPLIFT LOAD CAPABILITY OF THE
FRAME TO A MAGNITUDE ofF 375 TONS. THE CAPACITY TO PERFORM
UPLIFT TESTS ON A PILE OR ANCHOR INSTALLED IN A VERTI]CAL
POSITION, IS ACCOMPLISHED BY ADEQUATELY BLOCKING EACH END
OF THE LOAD FRAME, PLACING ANCHOR RODS THROUGH A PATTERN OF
HOLES PROVIDED IN THE CENTER OF THE LOAD FRAME AND BY PLAC-
ING 1 OR 2 OF THE HYDRAULIC RAMS FROM THE JACKING MODULE ON
TOP OF THE MOBILE FRAME.

THE LOAD FRAME 1S MOBILIZED BY A 3 AXLE SEMI=TRACTCR RIG.
WHEN THE LOAD FRAME |S IN POSITION, THE FRAME 1S LEVELED
WITH THE HYDRAULIC RAM OUTRIGGERS AND THE SEMI=TRACTOR
RELEASED FOR THE REMAINDER OF THE TEST SET=UP AND LOGCAD
TESTING PERIOD.

FOR THIS TESTING PROGRAM, THE LOAD FRAME WAS ANCHORED TO
EACH REACTION PILE BY FOUR 1 3/8 INCH DIAMETER HIGH STRENGTH
StreESSTEEL RODS (160,000 Psi). THE 4 ANCHOR RODS WERE THREAD-
ED INTO A 15 INCH SQUARE, 2 INCH THICK, HIGH STRENGTH STEEL
PLATE HELD IN PLACE BY A TEMPLATE TO A POINT APPROXIMATELY B
INCHES ABOVE THE BASE OF THE REACTION PILE. THE RODS WERE
CAST IN THE CONCRETE ANCHOR PILES AND EXTENDED FROM THE
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ANCHOR PLATE TO 3 INCHES BELOW GROUND ELEVAT ION. WHEN THE
LOAD FRAME WAS IN POSITION, THE ANCHOR RODS WERE ATTACHED TO
THE LOAD FRAME RODS BY MEANS OF A THREADED COUPLER. FIGURE
20 SHOWS THE LOAD FRAME IN THE LOAD TESTING POSITION WITH
REACTION PILES ATTACHED. FIGURES 1 THROUGH 8 SHOW VARIOUS
PHOTOGRAPHS OF THE LOAD FRAME AND AUXILIARY EQUIPMENT.

THE HYDRAULIC JACKING UNIT, CONSISTING OF Four 300 von

DOUBLE ACTING HYDRAULIC RAMS OPERATING IN SERIES, 1S LOWERED
FROM THE LOAD FRAME TO THE TOP OF THE PILE BY MEANS OF 2 HAND
OPERATED RATCHET CABLE PULLERS. HYDRAULIC PRESSURE 1S SUPPLJED
TO THE HYDRAULIC RAM SYSTEM BY AN SC MopeL 600 AIR-HYDRAUL|C
PUMP. AIR PRESSURE TO ACTUATE THE HYDRAULIC PUMP IS SUPPLIED
BY AN 85 CFM -OR LARGER AIR COMPRESSOR AND FINELY CONTROLLED

BY A DIAPHRAM VALVE.,

THE FOUR HYDRAULIC RAMS WERE MANUFACTURED AND INDIVIDUALLY
CALIBRATED FOR THIS PROJECT BY BAYOU INDUSTRIES OF CHAN-
NELVIEW, TEXAS. A 20,000 Psi STAINLESS STEEL HEAVY~-DUTY
PRESSURE GAUGE MARKED IN INCREMENTS OF 200 PS| AND READABLE
70 100 PS1 1S USED TO MEASURE PRESSURES OF THE CALIBRATED
SYSTEM. A SYSTEM PRESSURE oF 13,100 PS| IS REQUIRED TO AP-
PLY A 993 TON LOAD TO THE TOP OF THE TEST PILE.

DESIGN OF A TELLTALE INSTRUMENTATION SYSTEM
FOorR TEST Sites B & C

PREVIOUS STUDIES BY BARKER AND REESE (37) EVALUATED FiIvE
VARIOUS METHODS OF PILE INSTRUMENTATION FOR THE PURPOSE OF
DEFINING THE DISTRIBUTION OF LOAD ALONG A DRILLED SHAFT BY
MEASUREMENT OF STRAINS AT VARIOUS POINTS IN THE SHAFTS. THE
NUMEROUS ADVANTAGES AND DISADVANTAGES OF EACH TYPE OF |[N-
STRUMENTATION SYSTEM WERE EVALUATED WITH THE FOLLOWING

CRITERIA NOTED.

]
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T. AN INDIRECT MECHANICAL TELLTALE METHOD OF
INSTRUMENTAT ION WOULD ELIMINATE THE HIGH COST
OF SOPHISTICATED READOUT EQUIPMENT REQUIRED
FOR ELECTRICAL SYSTEMS.,

2. STRAIN GAUGE DEVICES ARE HIGHLY SENSITIVE TO
MOISTURE PENETRATI{ON WHEN BURI!ED IN CONCRETE
AND ELABORATE METHODS TO KEEP MOISTURE ouT
OF THE DEVICES MUST BE EMPLOYED.,

CONSIDERING THESE FACTORS, A TELLTALE INSTRUMENTATION SYSTEM
WAS SELECTED FOR THE CAF soiLs AT SiTeEs B AND C WHERE AN EVAL-
UATION OF LOAD TRANSFER WAS NECESSARY. DUE TO THE INHERENT
LATERAL AND VERTICAL VARIABILITY OF SOILS INVOLVED, IT WAS
DESIRED TO PERFORM AS LARGE A NUMBER OF TESTS AS POSSIBLE AND
TO MINIMIZE INSTRUMENTATION COSTS.

DESIGN CONSIDERATIONS FOR THE MOBILE LOAD FRAME PLACED LIM-
ITATIONS ON A TELLTALE METHOD OF PILE INSTRUMENTAT ION. A
MAXIMUM DISTANCE OF 8 INCHES FROM TOP OF PILE TO GROUND LEVEL
I'S NECESSARY TO PERMIT ADEQUATE CLEARANCE BETWEEN THE JACKING
MODULE AND TOP OF PILE AT THE TIME THE MOBILE FRAME 1S PULLED
INTO TESTING POSITION BY THE SEMI=TRACTOR RIG. THE FourR 300
TON HYDRAULIC RAMS IN THE JACKING MODULE HAVE A MINIMUM BASE
AND TOP PLATE DIMENSION OF 24 [INCHES SQUARE. LIKEWISE, A
TOTAL TEST L0AD oF 1000 TONS APPLIED TO THE PILE SURFACE
REQUIRED A PLATE THICKNESS OF 5 |NCHES. LITTLE OR NO AREA
REMAINS AVAILABLE ON THE PILE SURFACE AND IN THE PERIPHERAL
AREA ABOVE GROUND LEVEL TO EFFICIENTLY PERMIT THE PROTRUSION
OF A TELLTALE SYSTEM.

A TELLTALE TYPE COMPRESSOMETER, SHOWN ON FIlGURE 21, wAas pe-
VELOPED FOR THE STUDY USING STANDARD PIPE FITTINGS AND
SECTIONS. MOVEMENT OF THE DEVICE IS SENSED BY A LINEAR
VOLTAGE DISPLACEMENT TRANSDUCER (L.V.D.T.) HELD SECURELY IN

A HOUSING BY ALLEN SCREWS. THE L.V.D.T. STYLUS RESTS ON TOP

s
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OF A STAINLESS STEEL WIRE HELD TAUT BY A 2 INCH LONG COMPRESS-
ED SPRING. FIGURE 21 SHOWS THE ASSEMBLED UNIT IN POSITION IN
THE TEST PILE. A FLUKE DIGITAL VOLTMETER OWNED BY THE AR|ZONA
HicHway DEPARTMENT WAS USED FOR MICROVOLTAGE READOUT OF EACH
L.V.D.T. COMPRESSOMETER. A TRANSFORMER=SWITCHING UNIT PRO-
VIDED AN EXCITATION OF 24 voLTs D.C. fFroM A 110 voLT A.C.
POWER SOURCE AND A MULTIPLE POSITION SWITCH TO PERMIT A

RAPID VOLTAGE READING FROM 1 710 8 L.V.D.T. UNITS.

THE L.V.D.T. COMPRESSOMETERS WERE ASSEMBLED TO PREDETERMINED
LENGTHS AND ATTACHED IN PAIRS (180 DEGREES APART) TO THE RE-
INFORCING CAGE OF EACH TEST PILE., THE REINFORCING STEEL CAGE
WAS FABRICATED FROM SPIRALLY ROLLED NO. 3 SMOOTH WIRE AND
FOUR NO. 7 LONGITUDINAL REINFORCING STEEL RODS.

THE INSTRUMENTED CAGE WAS SUSPENDED FROM A TEMPLATE AT GROUND
LEVEL AND SO CONSTRUCTED TO HOLD EACH L.V.D.T. COMPRESSOMETER
TELLTALE IN POSITION DURING THE CONCRETE POUR. THE CONCRETE,
WHEN POURED IN EACH TEST PILE, WAS TEMPORARILY STOPPED JUST
BELOW THE 2 INCH P.V.C. PLAST IC CAP3; AT WHICH TIME THE SPRING
WAS COMPRESSED AND THE WIRE SECURED WIfH THE SCREW CcAP. THE 2
INCH P.V.C. PIPE WAS THEN INSERTED IN THE P.V.C. CAP, STUFFED
FULL WITH RAGS AND THE REMAINDER OF THE CONCRETE POURED AND
FINISHED. FOLLOWING THE INITIAL SET, AND WHILE THE CONCRETE
WAS STILL GREEN, GROOVES WERE ETCHED IN THE CONCRETE TO PERMIT
PASSAGE OF THE L.V.D.T. WIRE UNDER THE 5 INCH STEEL PLATE AT
TIME OF LOAD TESTING. THIS PROCEDURE WORKED VERY WELL DURING
CONSTRUCTION STAGES OF THE TEST PILES AND PROVIDED AN EFF| -
CIENT L.V.D.T. ASSEMBLY AT THE TIME THE LOAD TESTS WERE
PERFORMED. THE L.V.D.T. AND HOUSING UNITS WERE INSERTED AT
THE TIME OF LOAD TESTING AND REMOVED FOLLOWING EACH LOAD

TEST.
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TestT Pires & ReacTioN PlLES

SEVEN LOAD TESTS WERE PERFORMED AT SiTE A. TEST PILE DIAM-
ETERS WERE SELECTED VARYING FROM 2.5 70 9.3 FEET SO THE EFFECT
OF WIDTH OF LOADED AREA COULD BE INVESTIGATED. ALL BUT THE 2.5
FOOT DIAMETER PILES WERE BELLED. THE SHAFTS OF THE PILES WERE
SEPARATED FROM THE SOIL BY SONOTUBE SO THAT THE TESTS WERFE
STRICTLY A MEASURE OF END-BEARING. A VISIBLE ANNULAR SPACE
WAS PRESENT BETWEEN THE SONOTUBE AND SURROUNDING SOIL AND NO
FRICTION WAS ENCOUNTERED IN PLACING THE SONOTUBE. THE MAXIMUM
DIAMETER WAS SELECTED SO THAT THE BEARING PRESSURE AT 1000
TONS (28.6 KSF) WOULD BE ON THE ORDER OF THOSE WHICH WOULD BE
USED IN FULL-SCALE DESIGN. TEST PILE DEPTHS VARIED FROM 15.5
To 18.5 FEET. '

TEN TEST PILES WERE PERFORMED AT BOTH SITES B AND C. STRAIGHT
PILES, BELLED PILES AND PILES WITH SMALL MULTIPLE BELLS OR
"SHEAR COLLARS" WERE TESTED. PILES TPC-4 THROUGH TPC—-6 WERE
TESTED IN END-BEARING ONLY BY SEPARATING THE SHAFTS FROM THE
SOIlL BY MEANS OF SONOTUBE. VOIDS WERE CREATED BENEATH PILES
TPC-7 THROUGH TPC=-10 BY PLACING ICE IN THE LOWER 2 FEET OF

THE EXCAVATIONS SO THAT THEY COULD BE TESTED IN SIDE SHEAR
ONLY . THE EFFECTIVENESS OF CREATING VOIDS WAS VERIFIED BY
PROBING THROUGH SMALL CASINGS INSTALLED AT TIME OF TEST PILE

CONSTRUCTION.

THE CONFIGURATION AND DETAILS OF THE TEST PILES FOR THE THREE
SITES ARE SHOWN SCHEMATICALLY IN FIGURES 22 THROUGH 26. THE

LOCATION OF THE TEST AND REACTION PILES ARE SHOWN IN FIGURES

13 THrRoOuGH 15.

REACTION PILE CAPACITY WAS ANALYZED BY METHODS DEVELOPED BY
MEYERHOF AND ADAMS (38). BELLED PILES, 7.0 FEET BELL DIAM-

ETER AND 2.5 FEET SHAFT DIAMETER, WERE DESIGNED FOR EACH

wl
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SITE. REACTION PILE DEPTHS WERE ABOUT 16 FEET AT SiTe A, 20
FEET AT SITE B anD 16 rFeEeT AT SiT1e C.

EITHER 4 REACTION PILES IN A 7 x 20 FOOT DIAMETER OR 2 REACTION
PILES SPACED 23'6" APART, DEPENDING UPON THE TOTAL TEST LOAD,
WERE USED. TABLES 1, 2 AND 3 SHOW THE EXACT DIMENSIONS OF THE

VARIOUS TEST AND REACTION PILES.

ConcCRETE wAS A 5000 Psi 28 DAY STRENGTH DESIGN PLACED AND
VIBRATED AT A 3 10 5 INCH sLuMP (A 7.5 SACK MIX). RESULTS OF
THE CONCRETE COMPRESSION AND SLUMP TESTS ARE REPORTED N Ap-
pENnDIX C (Paces C-105 tHrougH C-108).

LoAD TESTING PROCEDURES

THE "MAINTAINED LOAD" TEST PROCEDURE WAS USED FOR ALL TESTS
IN THIS STUDY WITH LOADING INCREMENTS VARYING FROM ABOUT 23
TONS 170 60 ToNs. EACH LOAD INCREMENT WAS MAINTAINED FoR 30
MINUTES AND IN SOME TESTS, 60 MINUTES. HOWEVER, TEST PILES
TPA=-7 AT A LOAD INCREMENT OF 689 ToNS (19.9 KSF END-BEARING
PRESSURE), TPB-2 AT A LOAD INCREMENT OF 263 ToNs AnD TPC-1
AT A LOAD INCREMENT OF 567 TONS WERE HELD FOR EXTENDED TIME
PERIODS oF 1060 MiNnuTES, 990 MinuTES AND 1320 MINUTES, RE-

SPECTIVELY.,

DIGITAL VOLTMETER READINGS FROM THE L.V.D.T. COMPRESSOMETER
TELLTALES WERE TAKEN AT 4 MINUTES AND 19 MINUTES WHEN 30 MinN~-
UTE TIME INCREMENTS WERE USED AND AT 4, 19 AND 49 MINUTES WHEN
60 MINUTE TIME INCREMENTS WERE USED ON THE VARIOUS TEST PILES
AT Si1TteEs B ano C. STRAIN READINGS OBTAINED ARE PRESENTED IN
AppenDix C (PAces C-109 THrRouGcH C-129).

SETTLEMENTS, REFERENCED TO THE GROUND SURFACE, WERE MEASURED
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WITH TWO 3 INCH DIAMETER FACE EXTENSOMETER DIALS WITH A MEA-
SUREMENT RANGE OF 3 INCHES AND SENSITIVE TO THE NEAREST C.00]
INCH . THE DIALS WERE SUPPORTED oN 4 X 4 INCH WOOD REFERENCE
BEAMS WITH STEEL PIN REACTIONS BEING 10.5 FEET FROM THE CENTER
OF THE TEST PILES,

THE LOAD-SETTLEMENT CURVES FOR THE TEST PILES AT SITES A,

B anD C ARE GIVEN IN FIGURES 27 THRoOUGH 34, TIME~SETTLEMENT
CURVES FOR EACH LOAD INCREMENT ARE SHOWN IN FIGURES 35 THROUGH
65. LONG-TERM PORTIONS OF THE TIME=SETTLEMENT CURVES FOR THE
EXTENDED TIME PERIODS OF TPA-7, TPB-2, TPB-5 anD TPC-1 ARE
SHOWN IN FIGURES 42, 45, 49 AND 56.

THE LOAD AND- TIME SETTLEMENT CURVES ARE CORRECTED FOR COMPRES-
SION IN THE CONCRETE AT TEST SITE A AND REPRESENT MOVEMENT AT
THE BASE OF THE PILES., TOTAL CORRECTION AT MAXIMUM LOADS OF
993 ToNS APPLIED wAS ABouT O.13 INCH. THE REPORTED SETTLEMENTS
ARE BELIEVED TO ACCURATELY REFLECT SETTLEMENTS AT THE GROUND
SURFACE OF PROTOTYPE PILES AS COMPRESSION IN THE CONCRETE WiLL
BE VERY SLIGHT FOR NORMAL WORKING STRESSES. SETTLEMENT READINGS
AT TEST SITES B AND C WERE NOT CORRECTED FOR ELASTIC COMPRES-
SION IN THE CONCRETE DUE TO THE LOWER TOTAL LOADS APPLIED TO
MOST OF THE TEST PILES.
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CHAPTER VI - EVALUATION OF RESULTS - SITE A

GENERAL

THE LOAD TESTS AT SITE A WERE INTENDED TO INVESTIGATE THE PER-
FORMANCE OF DRILLED PILES UNDER THE RANGE OF BEARING PRESSURES
LIKELY TO BE USED FOR ACTUAL FOUNDATIONS. THE PRACTICAL PROB-
LEM FOR THE SGC SOILS WAS TO EVALUATE THE RELATIONSHIP BETWEEN
SETTLEMENT, BEARING PRESSURE AND WIDTH OF FOUNDATION SO THAT
DESIGN CURVES COULD BE DEVELOPED TO ESTIMATE SETTLEMENTS OF
FULL=SCALE FOUNDATIONS. [T DOES NOT APPEAR THAT PROVIDING

AN ADEQUATE FACTOR OF SAFETY AGAINST SHEAR FAILURE WILL BE A
PROBLEM FOR DRILLED FOUNDATIONS BEARING ON THE SGC soiLs FOR
THE RANGE OF BEARING PRESSURES, DIAMETERS AND DEPTHS LIKELY

TO BE USED IN DESIGN.

ULT IMATE BEARING PRESSURES FOR THE TEST PILES WERE CALCULATED
BY THE SEMI-EMPIRICAL TERZAGHI METHOD (2) WHICH IS INTENDED
FOR THE ANALYSIS OF SHALLOW FOUNDAT |ONS. A RANGE OF ANGLES
OF INTERNAL FRICTION, @, o0oF 38 T0 44 DEGREES WERE SELECTED
FOR USE IN COMPUTATIONS BASED ON DATA PRESENTED 8y Leps (39)
FOR COARSE GRANULAR MATERIALS. RESULTS OF ULTIMATE BEARING
CAPACITY COMPUTATIONS ARE GIVEN IN TABLE 4. AS CAN BE SEEN,
AN ULTIMATE BEARING PRESSURE OF 294 KI1PS/SQ. FT. WAS CALCU-
LATED FOR TPA-1 using @ = 44°, AN ACTUAL BEARING PRESSURE
OF 425 K1PS/SQ. FT. WAS REACHED AT MAX IMUM TEST LOAD AND |T
DID NOT APPEAR THAT FAILURE HAD BEEN DEFINED. FOR THE LARGER
DIAMETER PILES, THE MAXIMUM CAPABILITY OF THE LOAD FRAME DID
NOT PERMIT THE TEST TO REACH THE LEVELS OF THE COMPUTED VAL-
UES. HOWEVER, THE TEST FOR THE 2'5" DIAMETER P|LE (TPA-1)
EXCEEDED THE COMPUTED ULTIMATE VALUE OF THE 9'5" DIAMETER
PILE. IT APPEARS THE TERZAGH! METHOD IS WELL ON THE CONSER-
VATIVE SIDE FOR THE CONFIGURATION OF PILES INVOLVED AND CAN
BE SAFELY USED AS A CHECK OF ULTIMATE BEARING CAPACITY. MORE
REALISTIC EVALUATIONS OF ULTIMATE BEARING CAPACITY MIGHT BE
OBTAINED BY METHODS PROPOSED BY OTHER INVESTIGATORS SUCH AS
MevERHOF (40),
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ARCHING PHENOMENON DISCUSSED 8Y VEsic (16) SHouLD B

CONSIDERED IN THE COMPUTATIONS FOR DEEPER DRILLED PILES,

EFFECT oF VARIATIONS IN SolL CHARACTERISTICS

FOR PURPOSES OF ANALYSIS, SETTLEMENT INDICATED BY THE LOAD
TESTS IN THIS STUDY FOR 20 KiPS PER SQUARE FOOT BEARING PRES-
SURE HAVE BEEN PLOTTED VERSUS BASE DIAMETER IN FIGURE 66, As
INDICATED, A DEGREE OF SCATTER OF DATA IS PRESENT. THE LARGER
SETTLEMENT FOR TPA-7 pPRrROBABLY IS DUE, IN PART, TO THE SAND
LENSE PRESENT AT ABOUT 3.5 7o 5.0 FEET BELOW TS BASE. How-
EVER, MUCH OF THE SCATTER IS UNDOUBTEDLY DUE TO VARIATIONS [N
RELATIVE DENSITY. RESULTS OF SOME LARGE DIAMETER LABORATORY
COMPRESSION TESTS (ONE~DIMENS IONAL CONSOLIDATION TESTS) PER-
FORMED BY KJAERNSLI AND SANDE (47) ON COARSE GRAVELS SIMILAR
TO THE SGC ILLUSTRATE THE IMPORTANCE OF RELATIVE DENSITY.
THESE TESTS INDICATED THAT LOOSE MATERIALS WERE ABouT 50
PERCENT MORE COMPRESSIBLE THAN DENSE MATERIALS OF THE SAME

GRADATION.

OWING TO THE LARGE DIAMETER OF THE PARTICLES INVOLVED, THE
RELATIVE DENSITY OF THE SGC SOILS 1S DIFFICULT TO DETERMINE.
HOWEVER, THE SGC UNDOUBTEDLY HAS THE VARIATIONS |N RELATIVE
DENSITY THAT ARE INEVITABLY PRESENT IN NATURALLY OCCURR NG
GRANULAR SOIL DEPOSITS.

RELATIVE DENSITY DETERMINATIONS IN THE SGC HAVE BEEN MADE AT
A PLATE LOAD TEST SITE ABOUT 1.5 MILES EAST OF SITE A. THE
TESTS WERE, IN PART, IN FINER INTERVALS OF THE DEPOSIT. LARGE
VOLUME IN-PLACE DRY DENSITIES DETERMINED BY THE USE OF CAL|-
BRATED SILICA SAND RANGED FROM 116 To 140 POUNDS PER CUBIcC
FOOT. LABORATORY DENSITY DETERMINATIONS BY ASTM D2049-69 (33)
INDICATED MAXIMUM DENSITIES BETWEEN 139 AND 144 AND MINIMUM
DENSITIES BETWEEN 118 AND 122. RELATIVE DENSITIES RANGE FROM
50 10 96 PERCENT.
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ALTHOUGH THESE TESTS MAY NOT BE INDICATIVE OF THE GENERAL
CHARACTERISTICS OF THE DEPOSIT, THEY DO ILLUSTRATE VARIATIONS
IN RELATIVE DENSITY. ALTHOUGH THE SGC IS RELATIVELY UNIFORM
ACROSS THE SITE, SMALL VARIATIONS IN GRADATION ARE, NO DOUBT,
PARTLY RESPONSIBLE FOR VARIATIONS IN THE SETTLEMENT OF INDI-
VIDUAL TEST PILES FROM AN "AVERAGE'" CURVE. IN GENERAL, THE
COMPRESSIBILITY OF GRANULAR SOILS INCREASES WITH INCREASI|INGLY
FINER GRADAT ION. THE DATA REPORTED BY KJAERNSLI AND SANDE
(41) INVOLVING HARD, SMOOTH, ROUNDED PARTICLES UP TO ABOUT 2%
INCHES IN DIAMETER, INDICATE THAT WELL GRADED MATERIALS ARE
SOMEWHAT LESS COMPRESSIBLE THAN POORLY GRADED MATERIALS AT THE

SAME RELATIVE DENSITY.

EVALUAT ION OF BECKER HAMMER DrILL DATA

As A PART OF THE FOUNDATION INVESTIGATIONS FOR 2 SECT|ONS OF
ELEVATED FREEWAY, A TOTAL OF 285 BECKER HAMMER DRILL BORINGS
WERE DRILLED ALONG A CORRIDOR BEGINNING ABOUT % MILE WEST OF
TEST SITE A AND EXTENDING EASTERLY FOR 3 MILES. BORINGS PENE -
TRATED THE SGC asout 30 7o 75 FEET. THEY PROVIDE A VALUABLE

BODY OF INFORMATI{ON ON THE UNIFORMITY OF THE DEPOSIT.

CLAY AND CLAYEY SAND LAYERS WITHIN THE SGC EXTENSIVE ENOUGH
TO REQUIRE SPECIAL CONSIDERATION IN DESIGN WERE ENCOUNTERED
IN 10 BORINGS; LOOSER SAND LAYERS EXTENSIVE ENOUGH TO RE-
QUIRE SPECIAL CONSIDERATION OCCURRED IN D56 CASES. SOME oOF
THESE LAYERS WERE NEAR THE CONTACT OF THE SGC AND COULD BE
AVOIDED BY EXTENDING FOUNDATIONS A FEW FEET BELOW THE CON-
TACT .

IN ORDER TO EVALUATE HOW BECKER HAMMER DRILL BLOW COUNT,

NB, CORRELATED WITH PERFORMANCE OF THE TEST PILES, WEIGHTED
NB WAS DETERMINED FOR THE TEST HOLES DRILLED IMMED|ATELY AD-
JACENT TO THE PILES. WEIGHTING WAS MADE ON THE BASIS OF
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RELATIVE BOUSS!NESQ STRESS INFLUENCE AT THE MIDPOINT OF EACH 6

INCH LAYER TO A DEPTH OF ABouT 2 DIAMETERS BELOW THE BASE OF

PILES. CALCULATION PROCEDURES WERE SIMILAR TO THOSE DESCRIBED

By CooN AND MERRITT (42) FoR THE CORRELATION OF DIAMOND CORE

RECOVERY OF ROCK TO MODULUS OF DEFORMATION. THE FOLLOWING RE-

SULTS WERE OBTAINED,

BLows Per Foor

Test PiLe WEIGHTED NB MEAN Na DIFFERENCE
TPA-1 50.10 47.12 2.98
TPA-2 37.86 38.00 0.14
TPA-3 49.56 47.74 1.82
TPA-4 28.32 29.14 0.82
TPA~5 50.96 49.58 1.38
TPA-B 45,56 44,76 0.80
TPA-7 37.02 41.16 4.14

THE WEIGHTED NB VALUES VARIED BY NO MORE THAN 4.14 BLOWS PER

FOOT FROM MEAN VALUES FOR THE SAME RANGE OF DEPTH. MopuLus

OF DEFORMATION OF THE SGC WAS COMPUTED FOR EACH TEST PILE AT

VARIOUS BEARING PRESSURES BY THE THEORY OF ELASTICITY. Pro-

CEDURES OUTLINED BY BowLES (43) WERE USED AS FOLLOWS :

~ 2
E=ab (1-v5)1

©e e« « o« o . . (EquaTion 1)

S

WHERE :

E = MODULUS OF DEFORMAT IoN

Q@ = BEARING PRESSURE

D = DIAMETER OF PILE

S = SETTLEMENT OF PILE

U = PoIssoN's RATIO

w = INFLUENCE FACTOR (FOR END=BEARING ONLY)

AN INFLUENCE COEFFICIENT, Iw’ oF O.88 WAS USED FOR A RIGID

CIRCULAR FOUNDATION.

Voibp RATIOS FOR THE SGC APPEAR TO RANGE

FRoM ABouT 0.2 7o 0.4 AnND IT 15 BELIEVED THAT THE AVERAGE
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VALUE 1S NEAR THE LOWER FIGURE. THUs, U = 0.15 wAS ASSUMED

IN CALCULATIONS.

BECAUSE GRANULAR SO1LS DO NOT BEHAVE ELASTICALLY, _AND I[N

NATURE ARE NOT COMPLETELY HOMOGENEOUS OR ISOTROPIC, THE CALCU~
LATED MoODULUS E |5 AN APPROX IMATION OF THE AVERAGE MODULUS OF
DEFORMATION OF A ZONE OF SOIL WHICH 1Is SIGNIFICANTLY STRESSED.

THE RELATIONSHIP BETWEEN E AND Q@ FOR EACH TEST PILE IS SHOWN
ON FIGURE 67. FI1GcURE 17 SHows THE RELATIONSHIP BETWEEN E AND
WEIGHTED N FOR VARIOUS BEARING PRESSURES. WEIGHTED N VERSUS
E anp q VERSUS E For TEN 30 INCH PLATE LOAD TESTS PERFORMED
AT VARIOUS DEPTHS IN THE BOTTOM OF TwWo LARGE DIAMETER BORINGS
ABOUT 1.5 MILES EAST OF SITE A ARE ALSO SHOWN ON Figures &7
AND 17. "As caN BE SEEN, E INCREASES IN A GENERAL WAY WITH

INCREASING NB.

DURING THE COURSE OF EXPLORATORY DRILLING, STANDARD PENE-
TRATION TESTS WERE TAKEN THROUGH THE BECKER DRIVE P|pE I'N

A NUMBER OF CASES WHERE FINE ENOUGH GRANULAR INTERVALS WERE
PRESENT SO THE SPLIT BARREL SAMPLER COULD BE DRIVEN AT LEAST

A FOOT. BECKER BLOW CcOUNT, Ngs» 18 PLOTTED AGAINST STANDARD
PENETRATION RESISTANCE, N, FOR THESE TESTS IN FiGgurRE 18. THe
STANDARD PENETRATION TESTS WERE UNDOUBTEDLY AFFECTED TO SOME
DEGREE BY THE VIBRATIONS OF THE BECKER DRILLING. HowEVER,
THEY INDICATE A VERY GENERAL RELATIONSHI[P BETWEEN N AND N,
SIMILAR DATA DEVELOPED BY WALKER (44) ALsO 15 SHOWN ON FiguRre
18. THIS DATA SUGGESTS THAT CAREFULLY PERFORMED AND ANALYZED
BECKER DRILLING PRODUCES A DYNAMIC PENETRATION RESISTANCE AS
MEANINGFUL AS THE STANDARD PENETRATION TEST. ALSO INCLUDED IN
FiGure 18 1s THE "BEST FITTED" CURVE CONSTRUCTED BY REGRESS|ON

ANALYSI[S,

FROM THE DATA DISCUSSED ABOVE, IT IS BELIEVED THAT N IND I -
CATES GENERALLY THE DEGREE OF VARIABILITY OF COMPRESSIBILITY
OF THE SGC. NORMAL DISTRIBUTION OF MEAN NB IN THE urPPeErR 20

|
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FEET OF THE SGC FOR THE TWO FOUNDATION INVESTIGATIONS IN-
VOLVING 155 AnD 130 BORINGS AND THE MEAN NB AT SITE A was
ASSUMED. GRAPHIC REPRESENTATION OF FREQUENCY OF BLOW COUNT
OCCURRENCE FOR THE ABOVE MENTIONED THREE SETS OF BECKER BLOW
COUNT DATA IS SHOWN oN FIGURE 68. THE wlpe RANGE OF DISTRI~-
BUTION FOR UNIT || 1s BELIEVED TO BE DUE To THE FACT THAT ONE
OF THE TWo BECKER HAMMER DRILLS USED WAS FOUND TO BE DELIVER-
ING MucH LESs THAN 8000 FoOT POUNDS PER BLOW HAMMER ENERGY .
THIS WAS CORRECTED ABOUT HALFWAY THROUGH THE DRILLING PROGRAM.
HoweVvER, As Figure 68 INDICATES, THE MEAN NB FOR SITE A 1Is
CONSIDERABLY LOWER THAN INDICATED FOR THE DEPOS|T AS A WHOLE
AND ITS RANGE OF DISTRIBUTION COVERS THE LOWER RANGE TO BE
EXPECTED IN THE DEPOSIT.

THE VARIATION OF MEAN NB FROM 29 7o 49 OVER TEST Sit¢E A,
30 x 80 FEET IN PLAN DIMENSION, |LLUSTRATES THE EXTREME

DEGREE OF LATERAL VARIATION WITHIN THE DEPOSIT.,

EFFECT 0oF WIDTH oF LOADED AREA

THE MODULUS OF DEFORMATION OF GRANULAR SO1LS INCREASES WITH

DEPTH. THUS, FOR A GIVEN BEARING PRESSURE, SETTLEMENTS OF

FOUNDATIONS ON RELATIVELY HOMOGENEOUS, CLEAN, COHES IONLESS,
GRANULAR SOILS INCREASE WITH INCREASING WIDTH OF LOADED AREA
AT A DECREASING RATE. THE FACTORS INFLUENCING THE COMPRESS~-
IBILITY OF GRANULAR SOILS AND THEIR VARIATIONS ARE DISCUSSED
IN DETAIL BY BURMISTER (45, 486).

FOR PURPOSES OF ANALYSIS OF THE EFFECT OF FOUNDATION WIDTHS
ON SETTLEMENTS, A POINT OF S = 0.2 INCH AND D = 6.0 FEET waAs
ASSUMED ON FIGURE 66 For @ = 20 KIPS/SQ. FT. THIS POINT 1|5
CONSISTENT WITH THE PERFORMANCE OF TPA-3, TPA-4, TPA-5 anbD
TPA=6 AND WAS THOUGHT TO BE NEAR AN "AVERAGE" CURVE FOR THE
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DEPOSIT. A MODULUS OF DEFORMATION, E, oF 29,700 Psi wAS com-
PUTED FOR THIS POINT. SETTLEMENTS WERE THEN CALCULATED FOR
OTHER WIDTHS ON A CURVE BY EQUATION 13 wusING THE "AverRage
POINT" METHOD SUGGESTED By LAMBE AND WHITMAN (47). IN THIS
METHOD, THE "AVERAGE POINT" OF STRESS WITHIN THE BULS OF
SIGNIFICANT STRESS INFLUENCE 1S CONSIDERED To BE 0.75 D ge-
LOW THE BASE OF FOOTING. E CAN THEN BE VARIED AS A FUNCTION
OF THE INITIAL VERTICAL CONFINING PRESSURE PZ AT THE "AVERAGE
POINT" As D CHANGES. CURVES ARE PLOTTED ON FIGURE B6 coM~-
PUTED ON THE ASSUMPTIONS OF E VARYING DIRECTLY WITH PZ AND E
VARYING WITH THE SQUARE ROOT OF PZ. A CURVE 1S ALSO SHOWN
CONSTRUCTED ON THE ASSUMPTION THAT E IS CONSTANT WITH DEPTH.

A NUMQER OF INVESTIGATORS (46, 48, 49, 50, 51, 52) HAVE

REPORTED CASE HISTORIES WHERE THE RELATIONSHIP BETWEEN FOUN~
DATION WIDTH AND SETTLEMENT FOR A GIVEN BEARING PRESSURE WAS
DEVELOPED BY FIELD MEASUREMENTS. SEVERAL CURVES CONSTRUCTED
FROM THIS DATA ARE PLOTTED ON FIGURE 66 TO COMPARE WITH THE

CALCULATED CURVES.

BoTH TERZAGHI AND Peck (48) AND BUERRUM AND EGGESTAD (49)

HAVE PRESENTED DATA ON THE RELATIONSHIP BETWEEN THE SETTLE-
MENT OF SMALL SQUARE PLATES AND FOUNDATIONS OF VARIOUS WIDTHS.
THE BUERRUM AND EGGESTAD (49) CURVES ARE BASED UPON THE EVAL-
UATION OF T4 CASE HISTORIES WHERE DETAILED INFORMAT |ON ON THE
SOILS, PLATE BEARING TESTS AND MEASUREMENTS OF SETTLEMENTS OF
FULL-SCALE FOUNDATIONS WERE AVAILABLE.

BurRMISTER (46) REPORTS ON A CASE OF A 65 FOOT WIDE REACTOR
FOUNDATION BEARING ON WELL GRADED SAND WITH SOME GRAVEL
WHERE SMALL DIAMETER PLATE BEARING TESTS WERE PERFORMED |N
PRELIMINARY DESIGN STUDIES.

MOORHOUSE AND SHEEHAN (50) HAVE SUMMARIZED INFORMATION ON

s >4 SERGENT, HAUSKINS & BECKWITH

g
1/{‘ CONBULTING SOIL AND FOUNDATION ENGINERRS

PHOKNIX ® FLAGBTAFF * ALBUGUERGUE * EL PAGO

42



THE SETTLEMENT=WIDTH RELATIONSHIP FOR PILE GROUPS INCLUDING
STUDIES BY SKEMPTON, ET AL (51) AnND MeEverHoF (52). BECAUSE
MUCH OF THE DATA USED IN DEVELOPING THESE CURVES INVOLVED
DRIVEN PILES, THEY ARE BELIEVED TO BE INFLUENCED BY DENSI-
FICATION OF THE SANDS BELOW THE PILE TIPS DURING DRIVING;

PARTICULARLY FOR SMALLER WIDTHS.

DvoRrRAK (53) REPORTS THE RESULTS OF BEARING TESTS wWIiTH 0.8
AND 1.2 FOOT DIAMETER CIRCULAR PLATES AND A 2.3 FOOT SQUARE
PLATE ON WELL GRADED SAND AND GRAVEL UP TO ABOUT 2.5 10 4.0
INCHES IN DIAMETER WHICH APPEAR SIMILAR TO THE SGC. THE
SETTLEMENTS INDICATED BY THESE TESTS AT 20 KSF ALSO ARE
PLOTTED. ON.FIGURE 66 FOR COMPARISQN ALONG WITH THOSE FROM
THE 30 INCH PLATE BEARING TESTS PERFORMED ON THE SGC.

IN FURTHER EVALUATION OF THE BUERRUM AND EGGESTAD (49) DATA,
MeicH (54) STATES THAT SETTLEMENTS FOR COARSE, WELL GRADED
MATERIALS FELL IN THE LOWER SECTOR OF THEIR LIMITS WHILE SET~-
TLEMENTS FOR FINE, POORLY GRADED MATERIALS FELL WITHIN THE
UPPER SECTOR. THE SGC, OF COURSE, FALLS IN THE CATEGORY OF
COARSE, WELL GRADED MATERIALS. '

FROM EVALUATION OF THE VARIOUS CASE HISTORY DATA, IT APPEARS
THE MOST LIKELY "AVERAGE CURVE" FOR THE SGC 1S NEAR THE CURVE
BASED UPON E VARYING DIRECTLY WITH THE SQUARE ROOT OF P+ THe
CURVE, BASED UPON E VARYING DIRECTLY WITH P s SEEMS TO BE THE
UPPER LIMIT OF WHERE AN "AVERAGE CURVE'" COULD REASONABLY BE
EXPECTED TO FALL. "AVERAGE CURVES' CONSTRUCTED ON THIS BASI|S
ARE PRESENTED IN FiGure 77 For @ = 10, 15, 20, 25 ano 30 kirs/
SQ. FT.

EFFECT oF TIME

THE LONG-TERM MAINTAINED LOAD ON TPA-7 SHOWED THAT SETTLEMENT

|
:s;_/l SERGENT, HAUSKINS & BECKWITH
B

‘ CONBULTING SOIL AND FOUNDATION ENGINEERS 4_ 3
. r . L * TL PABO

f



WAS COMPLETE AT ABOUT 1T HOURS. THIS LOAD WAS MAINTAINED AT
19.9 K1PS PER SQUARE FOOT WHICH IS EXPECTED TO BE IN THE GEN-
ERAL RANGE OF BEARING PRESSURES WHICH WILL BE USED IN THE
DESIGN OF FOUNDATIONS FOR VERY HIGH TOTAL LOADS ON THE SGC
DEPOSIT. ULTIMATE SETTLEMENT WAS 19 PERCENT HIGHER THAN THE
SETTLEMENT AT 30 MINUTES. SIMILAR TIME~SETTLEMENT RELATION-
SHIPS WERE INDICATED BY THE 30 INCH DIAMETER PLATE BEARING
TESTS. THIS RELATIVELY RAPID TIME~-RATE OF SETTLEMENT RELA-
TIONSHIP IS TYPICAL OF MUCH PREVIOUS DATA REPORTED FOR
FOUNDAT IONS ON GRANULAR SO|LS. ’
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